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CHAPTER  I 


HISTORICAL  BACKGROUND 
Introduction 

Lavoisier,  in  1777,  published  a study  entitled  libcperijaents  fin 
the  Respiration  of  Animal n and  o,ft  the  Changes  which  the  Air  Undergoes 
in  Passing  through  the  Lungs.  This  is  considered  the  first  scientific 
treatise  on  the  subject  of  oxygen  utilization  by  the  organism.  Since 
this  original  work,  the  literature  concerning  cocygen  deficiency  has  be- 
come voluminous.  This  broad  field  of  research  may  be  divided  into  three 
general  categories t 

1.  Malfunctioning  of  various  subsystems  of  tho  organism  re- 
sulting in  oxygen  deficiency.  For  Instance,  heart,  lung, 
blood,  and  circulatory  disorders  may  alter  the  oxygen  sup- 
ply so  as  to  be  insufficient  for  tissue  needs. 

2.  Externally  iBQjosed  oxygen  deficiency  of  excised  tissue. 

The  purpose  of  this  research  is  to  stiidy  the  functioning  of 
Isolated  orgeinlc  tissue  in  the  absence  of  oxygen.  The  in- 
vestigation of  neiiral  conduction  and  synaptic  transmission 
is  perhaps  the  most  noteworthy  reseeireh  in  this  area  of 
investigation. 

3.  Oxygen  deficiency  brought  about  l^y  subjecting  the  individual 
to  an  environment  with  reduced  oxygen  content,  or  an  envlroi>> 
mont  in  which  the  partial  pressure  of  oxygen  is  not  sufficient 

••X* 


-2- 


to  maintain  the  normal  absorption  of  oxygen  by  the  blood 
stream*  Figure  1 is  a sehematie  diagram  of  research  en- 
deavor in  the  sttidy  of  hypoxia* 


I 

Pathological  Disorders 
Resulting  in  Rypoxia 


II 

Behavior  of  the  Indl- 
vidiial  in  a hypoxic 
Environment 


III 

Studies  of  the  Fvux>- 
tion  of  Excised  Tis- 
sue under  Hypoxia 


Physiological  Reactions 


behavioral  Manifestations 


1, ___.^n8ory  Processes 

2, — — Psychomotor  Processes 

3, — —Personality  Organi- 

zation 

4*— —Mental  Processes 


Fig*  1*  — Areas  of  Rasoarch  Concerning  Ifypoxia 
Although  the  various  categories  listed  are  not  mutiially  exclusive, 
they  do  offer  a convenient  means  of  organization  of  the  factual  informa- 
tion available*  The  present  investigation  is  concerned  with  area  IIj  the 
behavior  of  the  individual  in  a hypoxic  environment*  More  specifically, 
this  study  seeks  to  evaluate  that  eispeot  of  bohaAd.or  comnKJnly  referred 
to  as  the  "higher  mental  processes." 

Hesplratlon  and  H^oxia 

To  facilitate  a better  con5>rehension  of  the  goal,  method,  and 
restilts  of  the  present  research,  a general  outline  of  the  salient  facts 


regarding  the  physiology  of  respiration  will  be  reviewed.  A detailed 
discussion  of  the  very  complex  respiratory  adaptation  achieved  by  the 
human  organism  is  not  intended.  A complete  analysis  of  these  processes 
would  require  a comprehensive  study  ranging  from  the  jdjysical  proper- 
ties of  gases  to  the  biochemical  convexities  of  metabolism.  For  a 
more  specialized  treatment  of  this  subject  the  works  of  Barcroft  (3*4); 
Haldane  (25*26)*  lienderson  (30)*  and  Peters  and  Van  Slyke  (51)  are 
recomtaended. 

The  atmosphere  is  crai^wsed  of  approximately  21  per  cent  oxy- 
gen. The  ratio  of  oxygen  to  other  gases  of  the  air  does  not  change  as 
altitude  is  increased}  rather  the  density  of  the  atmospheric  oon^onents 
is  decreased.  The  atmospheric  pressure  at  sea  level  is  760  mm.  Hg.,  of 
whioh  oxygen  contributes  a partial  pressure  of  159  mm.  Hg.  It  is  iD¥»or- 
tant  to  recognize  that  it  is  the  partial  {nressure  of  coQrgen  rather  than 
the  percentage  which  is  decreased  as  one  ascends  to  high  altitude. 

The  smooth  functioning  of  the  respiratory  system  is  depei»3eiA* 
in  part)  upon  the  partial  pressure  of  oxygen  whioh  determines  the  rate 
of  oxygen  absorption  by  the  hemoglobin.  During  inspiration,  the  air  Ih 
the  lungs  is  foroed  into  the  alveoli  whore  oxygen  is  abi^rbed  by  the 
hemoglobin  and  tran^ortod  by  the  arterial  blood  to  the  tissues  of  the 
body.  The  carbon  dioxide  resulting  from  cell  metaboliKa  is  then  ab- 
sorbed by  the  venous  blood  and  transported  back  to  the  lungs  to  be  ex- 
pelled. This  entire  system  is  dependent  upon  the  partial  presstres  of 
oxygen  and  carbon  dioxide.  Diffusion  between  blood  and  cell  takes  place 
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in  the  dir-;Ction  of  least  pressuresj  there  Is  a pressure  gradient 
between  the  inside  and  outside  of  the  oell.  Diffusion  across  tiie  cell 
membrane  is  controlled  the  range  of  this  pz«ssure  gradient.  As  one 
ascends  In  altitude  the  partial  piressure  of  oxygen  is  reduced,  and  the 
hemoglobin  absorbs  less  oxygen  to  be  carried  to  the  tissues.  Thtts,  with 
lessened  oxygen  tension,  the  rata  of  cell  metabolism  is  reduced.  The 
first  physiological  compensatory  mschanlsm  for  lowered  oxygen  tension 
is  an  increase  in  respiratory  volians.  This  is  activated  by  stlmulati<m 
of  the  chemeorecoptors  of  the  cartoid  sinus.  However,  this  c<xapensatory 
mechanism,  which  is  quite  adequate  for  the  organism  at  sea  level,  is 
self-defeating  in  a situation  of  lowered  oxygen  pressure  beeaxsse  the  car- 
bon dioxide  tension  of  the  eu'terial  blood  determines  the  dissociation  of 
oxygen  from  hemoglobin.  Thus,  with  the  carbon  dioxide  being  expelled  as 
a Insult  of  increased  inspiration,  the  oxygen  transported  by  the  hemo- 
globin is  not  as  retidily  availallLe  to  the  tissms.  Hence  the  detrimental 
effect  of  "toia  type  of  hypoxia  takes  place  in  throe  ways:  (1)  there  is 

less  oxygen  in  tiie  blood|  (2)  the  low  carbon  dioxide  tension  inpedes  the 
dissociation  of  hemoglobin}  and  (3)  the  rate  of  oxidation  at  the  cell  is 
diminished  because  of  lovnred  oxygen  tension  (55). 

The  nature  of  tin  organiam’s  adjustmsntal  reactioiuj  to  this 
stress  is  dependent  upon  the  degree  and  the  persistence  of  the  hypoxia. 

If  the  stress  is  continued,  in  addition  to  the  increased  respiration,  a 
rise  in  blood  pinssure  will  result.  This  permits  more  rapid  transporta- 
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tlon  of  tiie  available  oxygen  to  the  tissues*  Continued  severe  hypoxia 
will  result  in  a lowering  of  body  temperature,  thvis  slowing  down  the 
metabolic  reactions  and  creating  a smaller  demand  for  oxygon*  Under 
conditions  of  prolonged  esqposure,  the  contraction  of  the  spleen  will 
furnish  additional  rod  blood  cells  for  the  transportation  of  oxygen 
to  the  tissues*  The  adjuslm^ntal  reactions  of  the  organism  to  hypoxia 
appear  to  be  similar  to  the  military  concept  of  "defense  in  depth," 

A mild  hypoxic  stress  is  overcome  by  increased  ventilation  if  the  buf- 
fer system  of  the  blood  can  maintain  the  proper  pH  value  as  a result 
of  the  decreased  carbon  dioxide c Additional  stress  requires  oompenssf 
tory  reinforcemants*  The  blood  pressure  is  increased  so  as  to  hasten 
tbs  treuisport  of  the  available  oxygen  to  the  tissues*  Continued  stress 
reqtilres  the  introduction  of  additional  hemoglobin  as  a transportation 
vehicle*  Finally,  with  continued  severity  and  persistence  of  stress, 
the  body  toiq)erature  is  lowered  and  less  oxygen  Is  required*  Hypoxio 
stress  contixmed  beyond  this  point  will  be  too  great  for  the  con^nssp' 
tory  mechanisms  to  maintain  organization,  and  unconsciousness  and  finally 
death  will  result  if  the  conditi(Hi  is  not  relieved* 

, Peters  and  Van  Slyke  (51)  suggest  the  foUoxdng  fourfold  classic 

i^tion  of  anoxia} 

1*  Anoxic  anoxia  ( anox«nia)  *— In  this  type  there  is  a lack  of 
oxygen  in  the  arterial  blood*  The  tension  in  the  arterial  blood 
is  low;  and  the  hemoglobin,  therefore,  is  not  saturated  with 
oxygen  to  its  normal  extent* 
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iujemlc  anoxia«-~The  arturlal  blood  contains  oxygen^ at  a 
norraal  tension,  twit  thsre  is  a shortage  of  functioning  hemoglobin. 

3.  Stagnant  anoxia.— -Here . altlkwigh  the  arterial  blood  has  a 
normal  amount  of  cncii'^gen  under  norraal  tension,  it  is  not  given  off 
to  the  tissues  in  sufficient  quantities. 

4*  Histoxic  anoxia.— As  the  term  suggests,  the  tissue  cells 
are  poisoned  and,  therefore,  unable  to  make  proper  use  of  the 
oxygen. 

According  to  the  abore  classification,  anoxic  anoxia  is  the  type 
with  lAich  this  investigation  is  concerned.  However,  since  the  term 
“anoxia"  actually  means  "witliout  oxygen"  in  a litoral  transi.aticn  from 
the  Greek,  the ’term  "hypoxia"  meaning  a subnoxmal  supply  is  actually  more 
descriptive  of  the  situation.  Recent  investigators  are  looking  with 
greater  favor  the  term  "typoxia"  as  a replacement  for  "ancncia;  y 
except  in  those  cases  in  which  there  is  a con^lete  lack  of  oxygen.  For 
these  reasons  the  term  "hypoxia"  will  be  used  throu^out  this  study. 

Pre-axperlmental  Observations  of  I^^poxia 

ItoFarland  (43)  offers  an  excellent  sumaary  a£  the  literature 
prior  to  1931  dealing  with  hypoxia  iinder  various  conditions.  A consider^ 
able  portion  of  those  references  are  from  obscure  government  publications 
issued  before  and  during  the  fiwt  World  War  and  idiioh  are  no  longer 
available*  For  this  reason,  a ma;Jar  portion  of  the  discussion  whidi  fol- 
lows is  abstracted  from  Ifcff'arland'a  very  fine  c<»?)ilation  of  past  obsearvai- 
tions  and  research  in  this  area* 


Maiy  of  the  early  reports  of  human  behavior  in  a situation  in 
which  individuals  were  subjected  to  an  environment  which  did  not  supply- 
sufficient  oxygen  were  largely  of  an  accidental  nature*  The  records  of 
balloon  ascensions,  mountain  climbing  expeditions,  and  early  fixed-wing 
aerial  flints  furnish  a great  many  subjective  observations  dealing  with 
human  behavior  under  conditions  of  hypoxia* 

Although  balloon  ascensions  are  noted  as  eaiiy  as  the  flight 
made  by  the  Montgolfier  brothers  in  1733,  the  first  recorded  observations 
of  the  effect  of  hypoxia  at  altitude  were  made  by  Robertson  in  1304* 

The  reports  of  his  ascent  indioate  that  he  reached  an  altitude  of  26,000 
feet  and  did  suffer  scm»  of  the  diaracteristio  sys^toms  of-  hypoxia* 
McFarland’s  vii^d  recounting  of  early  subjective  reports  of 
hypoxia  and  its  effects  |are  of  such  interest  that  they  warrant  direct 
quotation*  He  describes  the  1362  balloon  ascension  of  Glaisher  and 
Coxuellt 

In  43  minutes  they  reached  an  altitude  of  23,000  feet  and 
after  that  Glaisher  found  that  he  could  no  iongei^  rsa^.'.  his 
thermometer  or  watch*  His  last  reading  of  the  barometer  was 
243  mm*  Hg.,  corresponding  to  about  29,000  feet*  He  found  that 
his  arms  and  legs  were  paralyzed  and  his  neck  so  much  so  that 
he  could  no  longer  hold  up  his  head*  He  could  still  vaguely 
see  Coxwell  \iio  was  trying  to  untangle  a rope  but  when  he  tsried 
to  speak  he  could  not,  ^ then  suddenly  he  became  blind.  He 
says,  ”I  was  still  conscious  and  my  brain  as  active  as  in 
writing  these  lines*"  'Kisn  suddenly  he  lost  consciousness  fear 
about  7 minutes  during  which  time  Coxwell  had  succeeded  in  stop- 
ping the  ascent  of  the  balloon  and  even  in  bringing  it  down  a 
considerable  distance*  During  his  retiurn  to  consciousness  he 
first  heard  wordsj  then  began  to  see  his  instruments  vaguely,  and 
finally  was  £d)le  to  take  his  pencil  and  make  obseirvatlore  • 

This  was  at  26,  (XX)  feet*  Coxwell  had  never  lost  consciouamss, 
but  noticing  Glaisher' s condition,  tried  to  pull  the  val-»e  rope* 
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He  found  that  his  own  arms  v/ere  paralyzed,  and  then  with  2**eat 
presence  of  mind  got  hold  of  the  rope  with  his  teeth.  In  this 
manner  he  opened  the  valim  and  caused  the  descent,  thus  saving 
Glaisher's  life  and  his  own  (43»  pp. 1^-19), 

McFarland  also  cites  Bert's  tragic  experiment  which  coat  the 
lives  of  two  of  his  frieMs  and  colleagues. 

Another  very  high  ascent  was  made  by  three  French  scien- 
tists, Croce-Spinell,  Sivel,  and  Tissandier  in  1375.  Bert  re- 
ported the  very  graphic  account  of  the  ayii5)toia3  they  experienced 
as  i^corded  by  Tissardier,  the  solo  suz'vivor  of  this  fatal  bal- 
loon ascent,,, ..In  various  ascents  to  about  25,000  feet  and  in 
Bert’s  steel  chamber  they  had  tested  for  the  effects  and  had 
equipped  themselves  with  bags  of  0_,  Unfortunately,  the  bags 
were  small,  so  they  decided  not  to'^use  thun  until  they  felt 
really  in  need  of  oxygen.  At  24,CKX)  feot  Sivel  received  the 
consent  of  his  companions  to  cut  loose  the  bags  of  sand  serving 
as  ballast  in  order  that  they  might  go  higher,  Tissandier,  at 
26,000  feet,  reported  that  the  condition  of  torpor  liiioh  overcame 
him  was  extraordinary,  "Body  and  mind  became  feebler,  little  ty 
little,  gradually  and  insensibly.  There  was  no  suffering.  On 
the  contrary  one  feels  an  inward  Joy,.>.,I  soon  felt  myself  so  weak 
that  I could  not  turn  my  head  to  look  at  my  companions,  Ify  mind 
was  still  clear,  however,  and  I watched  the  aneroid  with  my  eyes 
fixed  on  the  needle  which  soon  pointed  to  280  mm,  Hg,,  or  23,000 
feet,  I wished  to  call  out  that  we  uere  now  at  3,000  meters  but 
my  tongue  was  paralyzed.  All  at  once  I shut  sy  eyes  and  fell  doun 
powerless  and  lost  all  further  memory,"  Tissandier* s last  records 
were  scarcely  legible  and  tho  repetition  of  words  was  very  paro- 
noimced.  In  this  ascent  the  balloon  oontiniied  to  rise  imtil  a 
pressure,  recorded  automatically,  of  30,000  feet  altitude  was 
reached,  V/hen  Tissandier  recovered,  one  hour  and  a qaiarter  later, 
the  balloon  was  descending  rapidly  at  20,000  feet  and  both  of  his 
conpanions  were  dead.  It  was  clear  that  they  did  not  try  to  use 
the  oxygen  bags  which  they  had  prepared  until  it  was  too  late— - 
until  they  were  so  paralyzed  they  coTild  not  raise  the  tubes  to 
their  lips.  Doubtless  they  were  all  convinced  that  they  felt  all 
right  and  in  full  possession  of  their  faculties  (43,  pp. 19-20), 

Barcroft  (3)  makes  the  comparison  of  behavior  observed  during 
mountain-climbing  expeditions  and  that  experienced  during  intoxication. 

He  cites  depression,  loss  of  emotional  control,  and  drowsiness  as  charac- 
teristic synptoms.  He  also  notes  that  memory  is  frequently  impaired  and 


that  appreciation  of  time  is  altered.  Barcroft  is  cited  quite  fre- 
quently for  hia  analogies  between  chronic  hypoxia  and  fatigue  and  be- 
tween acute  hypoxia  and  intoxication. 

There  have  been  a few  espeid-mental  atteoipts  to  s?>prai3e  the 
effect  of  hypoxia  on  mental  ability  during  mountain  climbing  expeditions. 
However,  the  measures  used  were  generally  rather  crude,  testi:^  coniitlons 
poor,  and  control  of  significant  variables  insufficient  or  absent.  Bar- 
croft  (3,5),  in  an  e:q>edition  to  Cerro  de  Pasco  (14,000  feet)  in  Peru, 
administered  tests  of  memory  for  digits,  multiplication,  finding  a dupli- 
cated letter  in  k series  of  letters,  and  telling  the  time  by  looking  at 
the  reflection  df  a clock  in  a mirror.  On  the  whole  ttere  was  no 
significant  difference  in  the  performance  of  the  subjects  at  altitude. 
However,  Barcroft  notes  that  the  tasks  utilized  may  have  been  too  gimpia 
and  the  subjects  were  probably  able  to  compensate  for  the  hypoxia 
greater  effort. 

In  evaluating  the  1924  Mt.  Everest  expedition  Md?arland  notes i 
"Kingston  gave  simple  arithmetic  teats  to  members  of  the  party  at  7,  14, 

16,  and  21  thousand  feet*  fiy  increased  effort  of  concentration  they  could 
bo  done  quite  easily,  showing  no  loss  of  capacity.  Also  the  tests  were 
probably  too  simple  to  show  up  the  subtle  incapacities  present  (43,  p,25).* 

McFarland  was  the  director  of  a conprehensive  series  of  investi- 
gations of  hypoxic  effects  at  high  altitudes  in  the  Andes  Mountains 
(44,45,46).  In  his  evaluation  of  the  complex  mental  processes  in  this 
situation  he  \rsed  numerous  teats  and  measurii^  devices.  Those  cf  signifi- 
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cance  for  this  research  are  as  follows t 

1.  Speed  of  apprehension*  Taohistoscopically  presented 
words  at  *35  of  a second* 

2*  Transliteration  of  nonsense  syllalates  from  a code* 

3*  The  rapidity  of  learning  a code  involving  association 
of  digits  with  symbols* 

I 

4*  Memory  for  paired  associates*  | 

5*  Color  naming* 

, 5 

6*  Perseveration  tasks.  These  injvolved  combinations  of  sim- 
ple mathematical  problems,  writing  letters  of  the  alphabet^ 
and  drawing  horizontal  and  vertical  lines* 

7*  Judgment  of  tmnporal  duration* 

8*  Thorndike  CAVD  Intelligence  Test, 

No  attenqpt  will  be  mads  to  evaluate  the  resiilts  obtained  from 
each  of  the  above  tests  at  the  different  altitudes*  In  brief,  all 
measures  showed  a decrement  in  performance  and  an  increase  in  variability 
at  some  point  in  the  ascension  to  the  maximum  altitude  of  17,500  feet* 

Oae  exception  to  this  generalization  was  the  results  of  the  CAVD  test* 
Three  subjects  were  tasted  with  three  different  editions  of  the  tost  at 
sea  level,  9*200  feet,  and  17,500  feet*  There  was  a decrement  in  score 
of  eight  points  at  the  highest  altitvide  which  was  not  a significant 
difference* 

The  author  summarizes  his  results  with  the  stat^ents 

On  the  vdiole  the  mental  tests  involving  complex  reactions  showed 


greatest  relative  loss  in  tiiae  and  qxxality  of  response  at  the 
high  altitudes,  the  motor  teats  second,  and  the  sensory  tests 
were  least  effected  of  all.  The  increased  variability  of  re- 
sponse is  attributed  to  alterations  in  the  capacity  for  con- 
centration associated  with  the  more  general  physiological 
changes,  as  well  as  to  those  in  the  central  nervous  system 
alone  (44»  p.223). 

In  add5.tion  to  the  valuable  observations  of  himan  behavior  under 
hypoxic  stress  which  we  have  gained  from  balloon  ascensions  and  mountain 
climbing  expeditions,  the  experiences  of  early  aviators  sure  silso  of 
interest.  R.  W,  Schroeder  reports  his  observations  made  during  high  alti- 
tude tests  during  the  first  World  War.  He  notes  feeling  sleepy,  tired, 
cross,  and  hungry.  He  reports* 

When  I reached  25,000  feet  I noticed  the  sun  growing  dim.  I 
could  hardly  hear  my  motor  run  and  got  very  hungry.  The  trend  of 
my  thought  was  that  it  must  be  getting  late  for  the  sun  was  so  dim 

I went  on  talking  to  myself.  I then  turned  on  the  oxygen  and 
the  sun  grew  bright  again,  the  motor  became  so  loud  that  I thought 
something  must  be  wrong  with  it.  I was  no  longer  hungry  and  I 
felt  like  singing  from  sheer  joy  (53*  pp.906-907). 

From  his  experience  with  the  British  Air  Service  during  the  first 
World  War  flirley  (12,13)  notes  altered  judgment,  feeling  of  well-being, 
leutsitude^  general  Baiscular  fatigue,  loss  of  sensory  acuity,  and  muscu- 
lar incoordination  as  sys^>tonis  of  hypoxia. 

Although  much  of  the  preceding  is  of  an  anecdotal  nature  and 
offers  little  in  the  way  of  quantitative  evaluation,  these  experiences 
and  observations  furnished  the  stimulus  for  a more  objective  and  con- 
trolled appraisal  of  hypoxic  effects.  In  order  to  better  understand  the 
behavior  and  to  devise  precautionary  measures  for  man's  protection  at  high 
altitude  the  problems  arising  from  these  early  experiences  were  taken  into 
the  laboratory. 
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Methods  of  Producing  hypoxia  in  the  Laboratory 
Numerous  methods  and  devices  have  been  tised  experimentally  to 
bring  about  hypoxia  in  the  individual*  However,  all  are  dependent  upon 
one  of  three  principles t 

1*  The  pressure  of  the  inspired  air  is  reduced* 

2*  A limited  amount  of  air  is  rebreathed  so  that  the 
oxygen  content  is  gradually  diminished* 

3*  Qae  oxygen  content  of  the  inspired  air  is  diluted 
with  nitrogen  so  as  to  provide  arterial  saturation 
equivalent  that  found  at  specific  altitudes* 

The  Dryer  method  (16)  and|  the  Douglas  breathing  bag  method  (15)  of  pro- 
ducing hypoodLa  utilize  thjls  latter  principle*  In  both  methods  the  axy- 

I 

gen  concentration  of  the  Inspired  air  can  be  kept  at  aqy  desired  level* 

i 

The  Hendersoi^»Pleroe  rebreather  (31)  and  the  Flack  bag  method  (19)  uti- 
lize the  second  principle  in  that  body  needs  gradually  reduce  the  amount 
of  free  oxygen  available  in  a limited  amount  of  air*  The  carbon  dioxide 
is  withdrawn  frtm  the  system  by  a filter  of  caustic  soda  between  the 
mouthpiece  and  the  container*  The  low  pressure  chamber,  as  the  name  im- 
plies, is  a method  of  ZH9d\iclng  the  pressure  so  that  a smaller  amount  of 
oxygen  is  absorbed  into  the  blood  stream.  Essentially,  the  low  pressure 
chamber  is  a sealed  container  holding  one  or  more  individuals*  It  is 
so  constructed  that  the  air  may  be  pus^d  out  faster  than  it  is  admitted, 
thus  lowering  the  internal  pressure  to  some  specified  degree*  The  larger, 
more  elaborate  chambers,  such  as  was  tised  in  this  experiment  (Fig*15y 


Appendix),  will  acccMsanodate  10  to  12  iailviduals.  Observation  windows 
are  constructed  in  the  side  of  the  chamber  so  that  outside  observers 
may  keep  a close  check  on  the  subjects  of  the  experiment.  Radio  conmmni- 
cation  between  the  subjects  and  outside  observers  is  avedJLable.  Bottled 
oxygen  with  appropriate  masks  are  placed  at  intervals  throughout  the 
chamber  for  use  in  entergency  or  by  inside  observers  during  an  experimnt. 
These  various  methods  of  producing  hypoxia  may  not  be  directly 
c<»nparable  in  terms  of  the  physiological  and  psychological  effects  pro- 
duced, For  instance,  with  the  Douglas  re breather  apparatus  the  oxygen 
content  of  inspired  air  is  gradually  loweied  as  it  is  absorbed  hy  the 
organism.  However,  in  the  chamber  and  the  oxygen  dilution  methods  the 
oxygen  content  of  ihspired  air  can  be  maintained  at  any  constant  value. 

In  addition,  the  hypoxic  effects  produced  by  the  chamber  and  dilution 
methods  may  also  follow  a different  pattern  because  in  the  latter  method 
sea  level  atmospheric  pressure  is  maintained  while  in  the  former  method 
the  oxygen  percentage  of  inspired  air  is  the  same  as  at  sea  level  but  the 
total  pressure  is  reduced.  For  these  reasons,  it  is  Important  to  note 
by  which  method  hypoxia  was  produced  in  evaluating  the  results  of  re- 
search in  this  area.  It  is  generally  conceded  that  ■tiie  low  pressure 
chamber  most  closely  approximates  the  conditions  found  at  hi^  altitude 
and  is  the  preferred  means  of  experimental  investigation  of  hypoxic 
effects. 

Gross  Manifestations  of  Hypoxia 

Haldane  described  behavior  observed  in  the  decoi^resslon  chamber 


which  is  quite  similar  to  the  reports  made  of  balloon  ascensions  and 
mountain  climbing  expeditions* 

There  is  loss  of  awareness  of  Incapacitation,  the  intellect 
becomes  dulled,  memory  is  affected  early  and  is  finally  almost 
annulled  so  that  persons  who  have  apparently  never  lost  con- 
sciousJ»ss  can  nevertheless  remember  nothing  iixat  has  just  oc- 
CTirred.  Often  a more  serious  danger  arises  from  the  gradual 
and  insensible  failure  of  sane  judgment,  A person  may  become 
subject  to  irrational  fixed  Ideewj  and  to  uncontrolled  emotional 
outbursts.  Without  reason  he  may  begin  to  shout,  sing,  burst 
into  tears,  or  become  dangarously  violent  (25,  pp,125f). 

Barcroft  (3)  spent  six  days  in  a glass  chamber  at  Cambridge 

where  the  partJ^al  pressure  of  oxygen  was  varied,  cori^sponding  to  alti- 

i 

tudes  from  10,(|00  to  13,000  feet.  There  were  minor  changes  in  single 
mental  tests  of  mesmory,  multiplication,  and  discrimination.  He  observed 
that  the  highest  facilities  were  IJie  first  to  be  affected,  for  in  vrorking 
the  Haldane  Qas  Analysis  apparatus  ha  could  not  make  the  necessary  dis- 
criminations, yet  he  could  cairy  out  the  correct  iresponses  if  clear 
commands  were  given  for  each  move2»nt. 

In  1923  Lowson  (40)  made  a psychological  study  of  the  effects 
of  low  oxygen  tension  in  the  chamber  at  Cambridge,  Five  subjects  were 
given  tests  of  speed  of  tapping,  accuracy  of  aiming,  speed  of  card 
sorting,  substitutions,  analogies,  distorted  sentences,  and  a same-oppo- 
site test.  After  six  daily  practice  periods  the  subjects  were  required 
to  perform  the  tests  inside  the  chamber,  Lowson  found  that  on  the  aver- 
age the  alterations  in  behavior  were  not  significant  until  the  diminution 
of  oxygen  reached  50  per  cent  of  the  normal,  or  approximately  20,000 
feet,  but  at  that  point  changes  were  frequently  quite  rapid  and  great. 
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Another  study  of  the  psychological  effects  of  hypo(xia  was  tmdeiv 
taken  hy  Tanaka  (54)«  2his  esperiiaeixt  consisted  of  giving  six  subjects 
the  following  tests  i speed  in  siE5>le  and  con5>lex  card  sorting,  addition, 
laenory,  strength  of  grip,  qxiality  of  hand  writing,  and  auditory,  tactual, 
ax)d  vlstial  choice  reaction  time.  Tanaka's  results  show  that  the  perfon&> 
anoe  curves  in  all  of  the  tests  decrease  gradually  until  they  reach 
15,000  feet  where  they  descend  suddenly*  Tanaka  concluiesi  (1)  there 
are  great  individual  differences  as  to  the  altitude  at  which  changes 
occur;  (2)  Idie  effect  is  aiore  marked  in  mental  than  {diysical  work,  and 
the  more  habitual  the  task,  the  less  the  e^oct;  and  (3)  in  many  kinds 
of  work  there  is  a critical  point  vhere  a sudden  change  occurs,  usually 
at  about  423  mm*  Hg*  of  pressure,  or  at  15^000  feet  above  sea  level* 

i 

j 

Sensory  Functions 

A number  of  the  early  studies  were  made  to  determine  the  effect 
of  oxygen  want  on  sisqdLe  sensory  mechanisms*  Wilmer  and  Berena  (57), 
utilizing  both  the  chamber  and  the  rebreather  apparatus,  found  no  very 
marked  visual  effects  at  altitudes  below  10, (XX)  feet.  At  15,000  feet 
sli^t  deficiencies  were  noted,  and  at  20,000  feet,  or  over,  definite 
iiq;>airm0nt  of  visual  functions  appeared* 

McComas  (41)  reports  that  stttdies  of  convergence  ao- 
ccsnmodation  revealed  considerable  loss  of  strength  of  the  muscles  of  the 
eye*  It  was  noted  that  at  heights  between  10,0(X}  and  15*000  feet  the 

S.VU  ' ' 

subjects  with  slight  convergence  would  experience  double  vision* 


V, 


Escperlinents  on  aviators  in  the  United  States  Air  Force  ^owed 
that  a diminished  oot^y^en  supply  exaggerated  to  a marted  degree  apy  ex- 
isting eye  defects  and  unmasked  pre-existing  conditions  \diich  otheivise 
would  have  eluded  detection.  Crash  reports  of  aviators  demonstrate  > 
that  a large  pi*oportion  are  due  to  such  eye  defects  (53), 

Johnson  and  Paschal  (35)  indicate  that  many  of  the  disturbances 
attributed  to  vision  are  more  probably  attentional  than  sensory.  They 
have  noted  that  as  collapse  approaches  there  is  a great  depression  of 
vision  manifested,  not  in  the  blurring  of  outlines  but  in  a general 
darkening  of  the  visual  field  and  an  intermittent  cessation  o£  all  visual 

esqperienoes,  * 

Lewis, ' sunaaariaing  the  effect  of  hypoxia  upon  auditory  sensi- 
tivity, states*  "The  bearing  function  shows  no  deterioration  prior  to 
the  degree  of  oxygon  deprivation  that  causes  acute  functional  impal rment 

of  of  the  higgler  cerebral,  sensory  and  psychic  centers.  The  condition 

* ^ 

is  signalised  by  the  onset  of  semi-  or  \aa-oonsciousnes8  (33,  p*1399)*" 

The  experiments  of  Lewis  (33,^)  and  Head  (23)  furnish  evidence 

that  hearii^  is  retainsd  longer  than  any  other  sensory  function  and  re- 

■» 

turns  first  upon  administration  of  oxygeo* 

Aviation  Selection  Research 

Dunlap  (17,  13),  in  an  effort  to  develop  hypoxia  tolerance 
measures  for  aviators  during  the  first  VJorld  War  constructed  several 
measiires  of  performance  under  hypoxia.  The  tasks  he  used  were  (1)  a 
discrimination  reaction  time  apparatus,  (2)  a rotary  pursuit  instrument. 
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and  (3)  a combination  pitdi  discrimination  and  motor  coordination  appai- 
ratiis.  In  brief,  the  results  showed* 

,,.a  restriction  in  the  field  of  attention  and  loss  of  control 
over  finer  movements.  The  first  symptoms  were  usually  noted  after 
15  minutes  at  approximately  14,000  feet.  The  subjects  then  fre- 
quently in^jroved,  due  to  the  extra  effort  exerted,  and  appai*0nbly 
succeeded  in  "pulling  themselves  together"  for  a short  time.  Soon, 
however,  they  began  to  deteriorate  and  at  25  minutes  failed  very 
badly,  Eventually  they  became  wholly  inefficient  or  unconscious 
and  were  removed  from  the  machine,  belxig  unaware  of  the  extent 
of  tile  alteration  of  behavior.  Occasionally  other  reactions 
appeared,  such  as  silly  laughter,  anger  and  even  destructivensss 
(13,  p,95). 

Docket^jy,  Ihujlap,  and  Johnson  (14)  directed  a series  of  investi- 
gations for  the  United  ;^tates  Air  Service,  The  rebreather  apparatus  was 

I 

used  to  reduce  the  oxygen  f)ercentages.  From  10  to  35  pilets  served  as 
subjects  in  each  experiment.  The  tests  included  card  sorting— based  tqjon 
visual  and  tactual  discrimination,  a code  test  involving  transliteration 
of  letters,  sin?>le  tests  for  memory  and  mathematics,  contlnuofus  reaction 
to  24  automatic  lights,  and  a dynamacaeter.  In  the  code  test,  deteriora- 
tion of  convergence  and  accommodation  in  reading  were  first  noted,  and 
motor  control  was  affected  early.  The  saeuro-mscular  efficiency  as  shown 
In  the  dynamcmieter  test,  however,  was  not  in5)alred  until  the  final  stages 
of  hypoxia#  The  e:q>erimentors  state* 

In  all  of  the  tests  there  was  no  very  noticeable  differeime 
between  the  control  and  the  rebreather  seiries  until  the  time  of 
general  psycho-motor  decline.  This  was  due  to  the  strong 
tendency  of  the  subjects  to  co5i?)en3ate  for  the  affects  of  ooy- 
gen  want  \mtil  the  deprivation  became  too  great.  This  tendency 
was  manifested  in  "attention  peaks'*  even  in  relatively  late 
stages  of  asphyxiation.  Practice  in  enduring  asphyxiation  seemed 
to  have  an  effect  in  increasing  efficiency,  for  an  individual 
learned  to  husband  his  resources.  Tenacity  or  "grit"  counted  a 
great  deal.  The  detection  of  this  trait  in  itself  was  of  great 
value  (14,  p,304)# 
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way  of  sinamary  of  the  extensive  work  on  pilots  diiring  the 
first  World  War,  Dunlap  and  his  associates  conclude  thatt 

The  prljnary  and  ln^jortant  psychological  effects  of  oxygen 
want  are  on  volimtary  coordination  and  attention,  for,  until 
the  final  stages  of  asphyxiation,  no  effects  are  demonstrable 
which  are  not  clearly  a failtffe  of  one  or  both  of  these  fac- 
tors. Sensitivity  and  perception  ronain  as  efficient  as  mos- 
<nil:ir  control  cf  the  sense  organs  and  power  to  attend  to  stimuli 
permit.  Speed  of  sinqple  reactions  is  apparently  not  reduced, 
and  diocriinination  shows  no  falling  off  in  rapidity  or  acc- 
vTQcy,  except  as  produced  by  ii^>air8d  motor  control.  Like- 
wise, meiswry  and  other  higher  mental  processes  are  not  affected, 
except  as  decrease  in  ability  to  attend  to  details  in  leamii^ 
appears,  or  increased  diatractibillty  or  muscular  incoordi- 
nation U3,  p,95). 


Cos^lex  Mental  Processes 

McComas  (4i,  42)  tested  sisfile  and  choice  reaction  time  at 
altitudes  of  6,CXX),  14,000  and  20,000  feet.  He  reports  that  at  an  alti- 
tude of  14,000  feet  ape^  was  sacrificed  for  accuracy  and  that  there 
was  a narrowing  of  the  field  of  attention  to  the  task  at  hand.  At  20,000 
feet  deterioration  was  marked  with  sys^ttosos  of  drowsiness  the  hitler 
functions  of  the  subjects  were  markedly  effected. 

In  19^,  Johnson  and  Paschal  (35)  i*eported  a study  cf  the  de- 
terioration of  the  mental  functions  involved  in  the  speed  and  accuracy 
of  transliterating  sets  of  nonsontse  syllables  into  corresponding  codes. 
The  essential  feature  of  the  study  was  to  determine  whether  the  more 
canplex  processes  of  b^avior  tend  to  deteriorate  before,  after,  or 
simultaneously  vdth  the  simpler  processes.  !Eae  aibstitution  test  was 
Tised,  “since  the  task  involved  sustentation  of  vision,  attention,  mem- 
ory, and  neuronniacular  coordination  diurlng  a longer  period  of  t.iHw 
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could  be  included  in  a voliant;iry  spurt  or  by  siai>ly  exciting  greater 
energy  (35,  p,205)J'  It  was  assumed  therefore  that  this  test  mig^t  re- 
veal the  subtler  effects  of  oxygen  want  considerably  before  collc^se 
approached.  'Hilrty-one  subjects  were  tested  with  a Hander son-Piorce 
rebreather  for  approodmately  a half-hour  period,  during  which  time  the 
oxygen  percentage  v&a  depleted  from  normal  down  to  7 per  cent  (31,000 
feet) • 

McFarland  (43),  in  simmarizing  this  eaqjjriment,  statesi 

'fhs  results  revealed  that  no  general  laws  or  standardized 
performncos  could  be  made  because  of  great  individual  dif- 
fereiMses,  In  some  oases  perfoimance  steadily  in^jroved  until 
collapse  approached.  The  results  in  general  indicate  that 
simpler  sensory-motor  reflexes,  as  a rule,  do  not  exhibit 
noticeable  in^jairmsnt  until  deterioijation  of  the  more  hi^ly 
organized  responses  has  reached  an  Mvsaiced  steige.  They  sug- 
gest that  the  deleterious  effect  of  ^ow  oj^gen  causes  inter- 
ference at  the  synapses  and  that,  therefore,  the  processes 
viiich  ahov;  ln5>airiaent  first  would  involve  those  of  the  highest 
degree  or  organization  of  nemx>*^nusoular  arcs  (43»  p*37-33). 

In  1921,  Bagby  (2),  using  rebreathing  apparatus,  evaiuted  sensory- 
motor  performance  using  tests  of  aiming,  tappir^,  knee  jerk,  single  re- 
action tia»,  and  visiial,  auditcay,  and  tactual  sensitivity.  He  also  in- 
cluded several  tests  of  immediate  and  delayed  recall  of  verbal  material, 
Bagby  concludes  that  the  most  obvious  effects  of  oxygen  want  are  the 
production  of  tremor,  muscular  incoordination,  and  motor  discharge. 

The  central  nervous  system  beccxaes  less  and  loss  integrated 
with  ii«sreasing  oxygen  deprivation,  Hl^ar  mental  functions  are 
apparently  not  effected  until  there  is  a loss  of  motor  control 
and  attention  associated  with  the  symptcHos  of  ingwnding  collE^se, 

Many  subjects  reported  difficulty  in  "pulling  themselves  together" 
and  they  constantly  wanted  to  rest*  The  customary  "spurt 
phencHQsna"  co*  temporary  improvement  in  performance  was  present, 
due  to  the  periodic  application  of  greater  effort  (2,  p.KB), 
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Ro38  HcFarleuid  is  perhaps  the  most  frequentlj  cited  research 
scientist  in  the  area  a£  the  behavioral  effects  of  oxygen  deprivation. 

His  extensive  research  at  Can^idge  (43)  included  an  appraisal  of  the 
results  of  hypoxia  \q>on  sensory,  psychomotor,  and  the  aore  conplex 
mental  processes.  For  the  ptirposes  of  this  paper  we  are  interested  pri- 
marily in  his  coxiclusions  regarding  the  i^oxic  effects  on  the  hi^er 
thought  processes.  Using  the  oxygon  dilution  method,  M(  Farland  evaluated 
stisceptibility  to  hypoxia  means  of  performance  measux  es  of  sinple 
and  multiple  choice  reactions.  The  general  conclusions  fTOm  this  re- 
search weret  (1)  sisple  reaction  time  and  sensory-ffiotoi  re^onses  are 
not  seriously  inpaired  until  the  subject  approaches  col!  apse  and  then 
the  loss  appears  fairly  suddenj  and  (2)  in  the  case  of  < hoice  reactions 
the  detrimenteil  effects  are  greater,  come  earlier,  and  the  deterioration 
appears  to  be  gradual  and  in  prtportion  to  the  amount  c£  oxygen  depri- 
vation, McFarland  analyzed  his  data  in  terms  of  mean  decrement  of  per- 
formance as  a function  of  increasing  altitude.  Although  he  noted  con- 
siderable variability  in  the  behavior  measured  and  occasional  efficient 
performance  during  periods  just  prior  to  collapse,  the  author  accounted 
for  this  phenomenon  with  the  concepts  of  attention,  motivation,  and  effort. 
He  seemed  to  conceive  this  behavior  as  a variable  \Axidx  contaminated  the 
data  so  as  to  conceal  the  effects  of  hypoxia.  In  discussing  this  situa- 
tion McFarland  states,  "The  mibject,  aa  the  effects  c£  oxygen  want  becons 
more  marked,  has  temporary  lapses,  and  then  he  puHa  himself  together 
again.  This  greater  effort  put  forth  tends  to  conoeaL  the  real  effect  of 
oxygen  want  (43»  p.109)*'* 


In  a more  recent  publication  JfcFarland  and  Borach  (4B)  sought 
to  evaluate  differences  in  performances  of  psychoneurotics  and  nonnal 
controls  at  sinjulated  altitudes  of  12,000  aid  20,000  feet.  The  tasks 
utilized  in  this  investigation  included  form  boards,  code  test,  and 
pairts  three  to  seven,  inclusive,  of  the  Army  Alpha  test.  The  results 
indicated  a significant  decrement  in  performance  for  both  groups  in  the 
font!  board  tests  at  both  altitudes  tested,  A significant  decrement  was 
noted  for  the  patients  in  their  performance  in  the  code  and  the  Army- 
Alpha  test  at  12,000  feet.  There  was  no  significant  difference  in  the 
performance  of  -the  normal  controls  on  the  Army  Al^ha  test.  An  inen^ease 
in  variability  was  noted  in  all  measures,  IteFarland  indicates  that  the 
large  standard  deviation  frequently  found  in  ms  aswements  obtained  from 
experiments  of  this  nature  often  pre-vents  a significant  difference  from 
eqjpe  dring  in  the  means  and  hence  makes  difficult  a conclusive  statement 
regarding  -the  point  at  Which  decrement  occurs.  He  also  cites  the  wide 
inter-  and  irrtra-indlvidual  differences  that  are  frequently  present  as 
another  factor  vhich  act  to  obscure  definite  results, 

Gellhom  (20),  utilizing  the  oxygen  dilution  nEthod,  measured 
performance  on  a cancellation  test,  ari-thmetle,  and  a paired  associates 
memory  test.  The  results  of  this  researdi  sho\jed  a significant  decare- 
mant  in  all  tests  utilized.  He  also  daaonstrated  tlmt  in^aairnent  of 
perforaanoe  could  be  elimina-ted  by  "tiie  in-troduction  of  3 cent  carbem 
dioxide  which  acted  to  stimulate  respiration, 

Kralnes  (37)  sought  to  evalute  the  performance  of  30  subjects 
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at  a simulated  altitude  of  20^000  feet  for  a period  of  16  minutes^  using 
the  Amy  Alpha  Intelligence  Test,  The  various  subtests  were  given  in 
sequence  throu^out  the  l6-4ninute  period.  The  author  found  a sli^t 
increase  in  proficiency  during  the  first  five  minutes  of  hypoxia.  After 
this  pointy  ho\i«very  a decremwt  appeared  which  increased  through  the 
last  teat  given  diuring  the  final  three  minutes  of  the  testing  period. 

The  author  concludosi  "Thus  it  would  seem  that  the  condition  of  anoxemia 
present  in  the  beginning  has  been  compensated  far,  but  that  the  compensa** 
tion  tended  to  fall  later  owing  to  a decrease  in  carbon  dioxide  in  the 
blood  (37,  p,1444)." 

Russell  (52]^  in  a well  controlled  experiment,  attempted  to 
determine  the  effects  of  hypoxia  on  human  behavior.  He  slsulated  an 
altitude  of  13,000  feet  in  a deconpression  ohanher.  The  tests  used  to 
measure  decrement  of  performance  were  finger  dexterity,  aZTO-hand  coordina^* 
tion,  and  simple  addition.  The  subjects  were  maintained  at  altitude  f cr 
a period  of  35  minutes.  The  trends  for  all  three  tasks  wez^  the  same  and 
the  results  may  be  summarized  together,  Russell  found,  in  contradiction 
to  some  of  tho  earlier  research,  that  there  was  an  immediate  decrement 
in  performance  after  exposure  to  mild  anoxia.  In  addition,  a repid  ad- 
justment to  the  hypoxia  occiu:*red  so  that  the  experimental  subjects  cozw 
tinued  to  Improve  in  performance  to  a degree  approaching  their  profioiency 
under  sea  level  conditions. 

The  Blocking  Effect 

In  1931>  A.  G,  Bills  (8)  annoxmoed  the  discovery  of  a new  prinoi- 
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pie  of  what  he  called  "nental  fatigue."  He  called  the  principle  the 
"blocking  phenomena,"  A "blodc"  was  tentatively  defined  as  referrii^ 

"to  those  periods,  ejsperienced  by  mentel  workers,  when  they  seem  unable 
to  respond,  and  cannot,  even  by  effort,  continue  until  a short  time  has 
elapsed  (3,  p.230),"  Bills  founi  that  the  blocking  phenomena  were  most 
prevalent  in  those  tasks  which  were  hcMnogeneous  and  in  which  the  sub- 
ject's responses  \,’ei*e  required  to  be  repetitive  and  continuous.  Bills 
tested  this  hypothesis  by  means  of  such  tasks  as  color  naming,  alternate 
addition  and  subtraction,  naming  opposites,  and  code  tests.  As  a result 
of  this  experimentation,  he  defined  a block  as  "a  pause  in  the  response 
equivalent  to  the  time  of  two  or  more  average  responeos  (3,  p,231)," 

This  concept  was  quite  significant  to  a large  body  of  research  dealing 
with  fatigue.  The  common  finding  in  this  field  was  that  the  gensral 
efficiency  of  performance  in  many  tasks  was  maintained  in.  q>lte  of  long 
periods  of  prolonged  work.  Bills  postulated  that  the  increase  in  fre- 
quency and  length  of  blocks  in  continuous  work  conqjensated  for  the  iiv- 
creaalng  fatigue.  The  author  attempted  to  account  for  the  blocking 
phenomena  by  means  of  the  concept  of  a "cunmlativo  refractory  j^ase, " 
which  in  essence  was  merely  an  extension  of  the  refractory  phases  noted 
in  a single  nerve  fiber. 

In  later  studies  (9,  10),  Bills  soii.^t  to  detenaine  the  influ- 
ences of  homogeneity  and  number  of  conflicting  elements  in  the  task  as 
determiners  of  the  freqiaency  and  anplitude  of  blocks.  Again  he  used 
modifications  of  a color  naming  test.  On  the  basis  of  this  research  ha 


concluded*  (1)  in  the  case  of  material  containing  eluents,  the  frequency 
and  length  of  the  blocks  are  proportional  to  the  nuai)er  of  such  elements; 
and  (2)  the  frequency  and  lengtli  of  toe  blocks  are  directly  proportional 
to  tlie  number  of  conflicting  elements  involved.  Bills  st^gested  a third 
hypothesis  to  the  affect  that  if  it  were  not  for  the  appearance  of  the 
blocks  the  decrement  in  performance  would  be  greater. 

"Bills  seamed  to  recognize  in  this  paper  that  his  eatplanation  of 
blocking  as  a function  of  the  cumulative  rofractoiy  phase  was  not  quite 
adequate.  The  principle  might  apply  in  a sii!?)le  repetitive  task  such 
as  naming  throe  colors.  However,  in  a task  involving  a large  number  of 
colors  in  random  order  so  that  the  subject  could  not  anticipate  the 
appearance  of  the  succeeding  stimulus,  toe  refractory  principle  would  not 
suffice  since  it  cotild  not  possibly  be  maintained  that  any  Isolated  area 
of  the  nervous  system  was  being  repeatedly  excited  in  such  a situation. 
This  latter  task  Bills  considered  as  one  that  involved  conflicting 
elements. 

(U)  also  attempted  to  determine  whether  the  appearance 
of  was  a function  of  toe  amount  of  time  elapsing  or  a function  of 

the  amount  of  work  accou^jlished  in  a specified  time  interval.  He  con- 
cluded that  the  number  and  size  of  blocks,  as  measured  in  a color  naming 
experiment,  is  a result  of  the  amount  of  work  done  rather  than  a function 
rhythmical  neural  sensitivity  fluctuation  throughout  a temporal 
interval.  In  addition,  he  found  that  he  coiad  not  explain  the  behavior 
on  the  basis  of  oscillation  of  a single  energy  system;  i.e.,  being 
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depleted  by  work,  restoring  efficiency  during  the  block  periods,  and 
again  being  depleted  by  further  work.  Bills  sunsnarizesi 

The  data  soeias  to  require  interpretation  in  terms  of  more 
than  one  simultaneous  rate  of  oscillation  in  newal  energy, 
so  that  the  resulting  time  c^arve  can  be  accounted  for  only  as 
a composite  effect  of  the  component  frequencies,  in  the  sense 
that  a complex  sound  wave  can  be  analyzed  into  its  harmonic 
components.  The  necessity  of  such  an  interpretation  proves 
that  the  traditional  concept  of  a sii^le  energy  component,  call 
it  attention,  or  what  you  will,  was  entirely  Inadequate  to  ex- 
plain the  facts.  The  organism  in  performing  mental  work  is 
not  utilizing  a single  uxiitary  energy,  but  is  drawing  upon  a 
number  c£  relatively  independent  energy  compoi»nta,  each  of 
vhich  can  be  expected  to  have  its  own  peculiar  oscillation 
rate.  Output  is  the  resultant  of  the  interaction  of  all  of 
them.  There  is  the  refractory  period  of  the  sensory  component, 
the  peripheral  neural  and  central  neural  conq>onents,  etc. 

(11,  p.571). 

I 

This  explanation  of  the  blocking  phemaaena  appears  to  be  a re- 
finement of  the  earlier  simple  refractory  phase  interpretation.  According 
to  the  above  principle,  the  characteristics  cf  the  work  curve  are  de- 
tezmiined  by  the  contributions  separate  energy  components  and  are  not 
a function  of  tlie  total  neural  organization  at  any  given  moment. 

Bills  also  sou^t  to  answer  tbs  question  as  to  whether  or  not 
the  blocks  served  as  automatic  rest  periods  operating  in  such  a way  as 
to  maintain  constant  performance.  He  interspersed  forced  rest  periods 
in  a color  naming  test  at  those  points  \iiich  had  been  predetermined  as 
likely  to  include  a block.  He  answered  the  question  in  the  affirmative 
as  he  succeeded  in  elimimiting  many  of  the  blocks  through  this  intro- 
duction of  rest  periods, 

A comparison  of  the  data  obtained  from  experiments  in  fatigue 
and  those  obtained  under  hypoxia  was  undertaken  by  BiUa  (U),  In  a 
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color  naming  experijs^nt  at  a slmOatod  altitude  of  12,000  feet,  he  found 
that  the  frequency  and  amplitude  of  blocks  were  coiipj.rable  to  those 
obtained  £Lfter  an  hour’s  continuous  work  at  sea  levaL,  The  blocks 
their  appearance  much  sooner  under  the  hypoxic  conditions  tiian  at  sea 
level  but  there  was  no  change  in  the  modal  response  in  either  condition* 
The  author  concludes  from  tliia  wwk  that  the  gradual  depletion  of  neural 
energy  necessitated  frequent  forced  patises. 

Aside  from  the  validi^  of  Bills’  explanation  of  the  blodcing 
phenomana,  he  was  the  first  bo  recognize  this  variability  as  a signifi- 
cant aspect  of  behavior  and  not  merely  as  a fluctuation  in  attention 
and  effort  which  acts  to  oonce6kl  the  "real’'  hypoxio  effect* 

Current  Status  of  Research 

We  have  considered  briefly  the  physiological  reactiora  to 
j hypoxia  and  in  scmte  detail  have  evaluated  the  experiments  dealing  with 
the  behavioral  loanifestations. 

In  our  review  of  the  literature  we  have  considered  numerous 
specific  experiments  dealing  with  the  decrement  of  various  aspects  of 
human  behavior  under  conditions  of  hypoxia.  In  conclusion,  we  will 
indicate  briefly  the  current  status  cf  scientific  knowledge  in  tills 
area. 

In  a recent  symposiim,  McFarland,  summiirizlrg  the  effect  of 
hypoxia  on  psychological  phenomena,  states!  "The  psychologicei  de- 
terioration at  altitude  is  characterized  iKJt  merely  as  a general  slowing 
up  of  n»ntal  functions  and  a greater  amount  of  effort  rmeded  to  carry  out 
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the  task  but  also  with  qualitative  changes  (47,  p*343)*“ 

Armstrong,  in  a survey  of  the  literature  dealing  with  raantal 
functioning  under  hypoxia,  writes: 

Most  recent  writers  agree  that  there  are  no  psychologic 
changes  from  hypoxia  even  during  prolonged  fli^^ts  at  alti- 
tudes below  9,000  feet.  Above  this  altitude,  however, 
psychologic  changes  begin  to  appear  and  the  degree  of  change, 

:is  is  the  case  with  physiologic  processes,  is  in  proportion 
to  both  the  altitude  and  to  the  duration  of  exposure  (1,  p.21D). 

Thus  the  present  state  of  our  knowledge  in  this  area  portrays 
a decrement  of  efficiency  continuous  with  tdie  degree  and  duration  of 
hypoxic  stress. 

On  the  other  hand,  our  knowledge  of  the  adjustmental  reactions 
to  hypoxic  stress  indicates  "toat  the  organism  reaches  a “steady  state" 
brou^t  about  by  the  body’s  con?)ensatory  meohaniams.  Apparently,  the% 
we  have  a discrepancy  between  the  behavior  of  the  organism  under  hypoxic 
stress  and  that  which  we  would  expect  from  our  knowledge  of  the  physiologi- 
cal adjustment  mechanisms. 

Although  not  specified  as  such,  many  descriptions  of  human  be- 
havior in  a hypoxic  environment  infer  the  existence  of  the  blodking 
effect.  For  instance,  Dunlap  (18)  attributes  the  great  variaoility  of 
performance  to  the  extra  effort  exerted  by  the  subjects.  He  observes 
that  they  periodically  succeeded  in  "pulling  themselves  together  . I' 

Dockeray,  Dunl^,  aiod  Johnson  (14)  note  "attention  peaks”  and  tenacity 
or  "grit"  which  account  for  the  interspersed  periods  of  stable  and  im- 
paired performance.  Bagby  (2)  attributed  the  periods  of  efficient  per- 
formance to  the  "spurt  phenomena, . .due  to  the  pei^odic  application  of 
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greater  effort."  In  svanmarizing  his  work,  McFarland  (43)  states, 

"The  subject,  as  the  effects  of  oxygen  want  becomes  more  marked,  has 
temporary  lapses,  and  then  he  pulls  himself  togetlier  again.  This 
greater  effort  put  forth  tends  to  conceal  the  real  effects  of  oxygen 
want." 

The  results  of  those  stixiles  were  based  upon  an  evaluation  of 
the  mean  decrement  of  perfomance,  which  was  considered  the  true  index 
of  the  effect  of  hypoxic  stress.  The  periods  of  efficient  perfomance 
were  viewed  as  the  result  of  variables  which  contaminated  the  data 
so  as  to  conceal  Ihe  real  affects  of  hypoxia.  Althou^  these  investiga- 
tors observed  ^at  mi^t  be  termed  the  blocking  effect,  the  variability 
of  perfomance  wsis  accounted  for  throu/^  flucuations  attention, 
motivation,  and  effort.  As  a consequence  of  his  fatigue  studies  Bills 
(8,  9,  10,  11)  demonstrated  that  the  behavior  deviations  in  his  experi- 
ments were  systematic  variations. 

It  is  quite  conceivable  that  the  discrepancy  between  physiologi- 
cal homeostasis  and  continuous  behavioral  decrement  may  be  resolved 
through  a consideration  of  the  blodking  effect. 

The  present  study  is  an  attanqjt  to  evaluate  the  nature  and 
characteristics  of  performance  in^jaiment  as  a function  of  hypoxic  stress. 
In  the  following  ch^ter  we  will  consider  specifically  the  problems  to  be 
Investigated  in  this  research  effort. 


CHAPTER  II 


STkmmm  cf  tie  prohlem 

Introduction 

Essentialljr  ths  goal  of  this  research  is  to  test  certain 
hypotheses  regarding  the  impairment  of  behavior  under  conditions  of 
hypoxic  stress*  The  first  task  vill  be  to  demonstrate  that  the3re  is 
a decrement  in  the  efficiency  of  performance  being  evaluated.  We 
will  then  attempt  to  determine  if,  and  to  what  extent,  tiie  blocking 
effect  is  present  in  the  execution  of  the  task  utilized  in  this  in- 
vestigation, Finally,  we  will  investigate  the  relationship  between 
continuous  hypoxic  stress  and  efficiency  of  performance, 

hypotheses 

Hypothesis  It  is  apparent  from  a review  of  the  literature 
that  there  has  been  little  if  ary  evaluation  of  the  more  conw 

plex  thought  processes  in  a hypoxic  environment.  We  have  noted  iojlated 
tests  of  meBKjry,  sin5)le  arithmetic  operations,  choice  reaction  time, 
code  substitution,  and  other  relatively  sin^jle  tasks.  However,  in  none 
of  these  investigations  do  we  note  what  mi^t  be  considered  a complex 
mental  task  or  one  requiring  reasoning  and  Judgment,  That  is,  most  of 
the  tasks  utilized  in  previous  studios  \7er0  '?uch  that  the  component 
elements,  if  not  tlw  tasks  themselves,  could  easily  bscomo  habitual  and 
automatic,  IfcFarland  recognized  this  situation,  for,  as  he  reports, 
“precise  exporimsnts  in  regard  to  such  mental  functions  as  judgment  and 
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Insight  are  difficult  to  carry  out  because  of  the  lack  of  objective  tasks 
(47)  p«344)«  In  au  effort  to  loeet  this  need,  an  instrument  was  developed 
for  use  in  this  investigation  which  will  be  referred  to  as  the  Ck)noept\ial 
Reasoning  Test. 

Obviously,  if  w are  to  analyse  the  relationship  between  hypoxic 
stress  and  decrement  of  performance  we  must  first  show  that  there  is  ac- 
tually a loss  of  efficiency  in  -Uie  performance  vMch  we  are  evaluating. 

we  have  noted  in  our  review  of  the  literature  that  the  more  corn- 
plex  the  task,  the  earlier  a decrement  in  performance  is  likely  to  ap- 
pear* In  addition,  the  results  of  research  concerning  performance  under 
hypoxia  indicate  that  for  maiy  tasks  there  is  no  measurable  decrement 
in  performance  at  the  lower  degrees  of  stress.  Thus,  the  achievement 
of  the  goal  of  this  research  apparently  is  dependent  upon  the  complex- 
ity of  the  task  idiich  the  subjects  aze  required  to  perform  and  the 
degree  of  hypoxic  stress  \uider  which  the  measursments  are  obtained.  To 
determine  if  we  have  constructed  a task  which  is  sufficiently  sensitive 
to  register  a loss  of  efficiency  under  the  hypoxic  stress  specified  we 
will  test  the  following  hypothesis t 

Ifypothesis  I.  For  the  task  utilized  in  this  Investigation, 

there  is  a significant  difference  between  the  efficiency  of 
performance  at  sea  level  and  all  other  simulated  altitudes 
in  which  measurements  were  obtained. 

Hypotheses  II  and  III.  Assuming  that  the  above  hypothesis  is 
accepted,  our  major  goal  is  to  evaluate  the  nature  or  characteristic  of 
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this  decrement.  To  achieve  this  end  we  will  utilize  Bills*  concept  of 
the 'mocking  effect;"  i.e,,  "those  periods,  experienced  by  mental 
workers,  vtoen  they  seem  unable  to  respond,  and  cannot,  even  by  effort, 
continue  until  a short  time  has  elapsed  (3,  p,230)," 

From  a strictly  behavioral  point  of  view,  a block  is  a tem- 
porary failure  to  respond  in  some  specified  manner.  We  assume  that 
this  block,  or  failure  bo  respond,  xs  a s^n^jtom  or  sign  of  the  condi- 
tion of  the  organism.  In  o'&er  words,  we  imply  some  physiological 
change  of  functioning  from  the  behavior  we  observe.  It  is  not  the  pur- 
pose of  this  paper  to  determine  the  physiological  background  responsible 
for  the  occurrence  of  behavitwal  blocks.  However,  it  is  the  author's 
intention  to  determine  if  such  blocks  do  appear  in  the  performance  being 
evaluated  and,  if  so,  to  determine  their  relatlMiahip  to  degree 
duration  of  stress. 

Using  a color  naming  task,  Bills  (8,  11)  found  the  block 
effect  present  under  conditions  of  fatigue  and  mild  hypoxia.  It  is 
proposed  that  response  blocks  will  appear  in  the  task  utilized  in  this 
Investigation  and  at  the  sinaxlated  altitudes  uadar  idiich  the  measure- 
ments are  obtained.  We  will  evaluate  this  proposal  by  testing  the 
following  hypotheses t 

hypothesis  II.  Ihere  is  a significant  increase  in  the  fTe- 
queney  of  blocks  with  degree  of  stress. 

Hypothesis  III.  There  is  a significant  increase  in  the  fre- 
quency of  blocks  with  duration  of  stress. 
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Hypothesis  IV»  It  is  the  thesis  of  this  paper  that  the  re- 
lationship between  decrement  of  performance  and  duration  of  hypoxic  stress 
is  saltatory,  or  stepwise,  rather  than  continuous.  Bty  the  latter  re- 
lationship is  meant  a situation  in  which  efficiency  deot-eases  continuously 
as  duration  iinder  stress  increases.  Or,  stated  differently,  the  loiter 
the  person  remains  in  a hypoxic  environment  ti^  less  efficient  becozaes 
his  performance.  A saltatory  relationship  is  one  in  \iiich  the  decrement 
in  performance  occvu:s  in  stops  rather  than  as  a continuous  function  of 
the  duration  under  stress.  That  is,  the  i3»iividual  maintains  uniform 
performance  for  a period  of  time  in  tte  face  of  increasing  duration  of 
hypoxic  stress.  By  analogy,  the  difference  between  the  continuotis  and 
seiLtatory  relationship  is  similar  to  descending  from  a hei^t  means 
of  a ramp  or  by  means  of  a staircase.  In  the  former  situation  we  have 
a continuous  relationship  between  height  and  rate  of  descentj  in  the 
latter  we  have  a saltatory  relationship. 

In  accepting  the  saltatory  relationship,  it  is  assumed  that  as 
the  organism  is  subjected  to  hypcccic  stress  certain  physiological  com- 
ponsatory  mechanisms  are  brought  into  operation  which  maintain  a constant 
arterial  oxygen  simply  as  the  stress  is  continued.  This  "steady  state" 
is  presei*ved  until  just  {>rior  to  imconsciousness  at  which  time  tbs 
compensatory  medmnisms  fail  to  maintain  stability  and  there  is  a sud- 
den drop  in  the  arterial  oxygen  concentration.  It  is  believed  that  this 
physiological  adjustment  to  a stz^ss  situation  is  reflected  in  a cor- 
responding manner  in  the  subject’s  performance.  We  should  expect  an 
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early  drop  in  proficiency  followed  by  a period  of  constant  perfomance 
which  is  continued  until  the  period  of  collapse. 

The  rationale  for  tne  thesis  that  this  rel  -tlonship  is  saltatory 
is  based  upon  tlie  phenomenon  of  the  block  effect.  We  will  assujiB  with 
Bills  that  there  are  periods  of  tims  under  stress  during  which  the  sub- 
ject is  unable  to  respond.  That  tiiese  periods  increase  in  frequency 
with  duration  and  degree  of  liypoxic  stress  will  be  tested  fay  B^otheses 
II  and  III,  Iho  saltatory  relationship  is  evidenced  by  performance 
between  or  excluding  tliere  block  periods.  In  other  words,  our  concep- 
tion of  tie  deterioration  uf  performance  is  tliit  after  an  initial  decline 

, . I 

the  subject  mainuifns  a constant  and  imifona  level  of  efficioncy,  and 

i 

that  througiiout  chxs  period  there  are  intervals  during  which  the  subject 
experiences  blocks  arkl  seems  unable  to  respond,  Ab  din  ation  of  stress 
is  increased,  Ihe  frequency  of  blocks  increase,  so  that  lucid  intervals 
and  uniform  performance  become  less  frequent  and  the  periods  of  response 
blocks  become  ;:ioro  frequent,  Howeverj  even  durij;^  the  final  momsnts 
prior  to  collapse  thers  are  timss  during  which  ti»  indlvidtial  performs 
at  a level  con^jarable  to  his  efficiency  in  a norstress  situation.  This 
proposal  is  suggested  as  an  alternative  for  the  current  conception  that 
efficiency  declines  continuously  with  stress j i.e,,  peitformance  gradually 
slows  down  and  finally  ceases  at  the  tirao  of  unconsciousness* 

If  in  our  analysis  we  consider  those  responses  which  include 
blocks,  tte  relationship  will  necessarily  be  continuous  because  with  such 
a procedure  we  are  measuring  periods  of  time  during  which  the  s\ibject 
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apparently  is  not  responding.  If  these  periods  increase  in  a continuous 
manner  with  duration  of  stress,  the  measures  of  performance  decrement 
must  also  portray  a continuous  decrement.  This  situation  would  also  be 
true  if  the  measures  were  other  than  in  terms  of  tine  to  couplets  a task. 
For  instance,  if  frequency  of  error,  total  score,  or  variability  were 
used  to  lOBaaire  the  impairment,  we  would  obtain  a continuous  decrement 
if  the  block  effect  were  not  taken  into  consideration  in  the  analysis 
of  the  data.  If,  as  Bills  maintains,  blocks  are  automatic  rest  periods 
taken  by  the  organism,  the  inclusion  of  these  rest  periods  in  tha 
analysis  of  the  data  does  not  provide  an  accurate  portrayal  of  the  sub- 
ject's behavior  while  actually  performing  under  stress.  By  inclusion 
of  the  block  responses,  information  is  obtained  zegarding  the  subject's 
total  prodviction.  Such  a procediare  does  not  inform  us  regarding  the 
actual  behavior  of  the  subject  during  the  period  under  stress. 

It  is  the  goal  of  the  present  investigation  to  evaluate  tha 
nature  or  dharacterlstics  of  performance  rather  than  merely  to  determine 
work  production  curves  under  various  degrees  and  durations  of  hypoxic 
stress.  If  in  cur  analysis  we  omit  those  responses  in  which  blocks 
occur,  the  nature  of  the  decrement  will  be  saltatory  ratlier  than 
continuous.  We  will  evaluate  this  proposal  by  testing  the  following 
hypothesis} 

Hypothesis  IV,  The  relationship  between  the  decrement  of 
performance  eoid  ccutinuoiis  hypoxlo  stress  is  saltqtory. 
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Sunmary 

The  essen'blaX  problem  of  bhie  research  is  to  demonstrate 
that  there  is  a meastirable  decraasnt  in  conceptual  reasoning  ability 
as  a fuMtion  of  degree  and  duration  of  hypoxic  stress.  Further,  it 
is  hypothesized  that  the  decrement  in  performance  exhibits  a saltatory, 
rather  than  a continuous,  relationship  with  duration  under  stress,  that 
the  saltatory  decline  is  dependent  upon  the  appearance  of  response 
blocks,  and  that  these  increase  in  frequency  with  degree  and  dxiratioa 
of  stress* 


CHAPTER  III 


METHQDOLOGI 

Subjects 

Volunteers  for  this  research  were  requested  frcan  the  enlisted 
men  of  the  Naval  Air  Basic  Training  ConBiiand,  Ten  men  were  selected 
from  this  group  to  participate  in  the  eacperiment.  They  were  given  com- 
plete physical  examinations  comparable  to  that  required  of  Naval  aviators* 
All  were  within  the  age  range  of  13-20  years,  in  good  physical  health, 
of  average  intelligence,  and  without  apparent  personality  disturbances* 
The  subjects  were  given  indoctrination  lectures  concerning  the 
siTapttans  that  might  be  experienced  at  high  alt  1 tide*  They  were  also 
given  a demonstration  in  tte  use  of  oxygen  equipment  and  general  instruc- 
tions concerning  safety  in  the  deoo:E^ression  chamber*  Trial  nnis  were 
made  prior  to  the  experiment  to  acquaint  them  with  the  general  nature 
of  hypoxia  and  to  relieve  any  anxiety  in  connection  with  the  experiment. 
Inasmuch  as  these  men  ver&  to  serve  as  subjects  in  additional 
research,  the  present  83Q)eriment  was  explained  to  them  as  one  phase  of 
a larger  project  in  the  general  area  of  high  altitude  flight*  The  pur- 
pose of  the  present  investigation  was  stated  as  being  a study  of 
"thinking  ability"  at  high  altitude*  This  explanation  and  the  general 
value  of  the  project  seasted  to  have  face  validity  for  Naval  Aviation  and 
were  accepted  the  group.  The  genuine  acceptance  and  cooperation  of 
the  subjects  were  demonstrated  continuously  during  the  entire  experiment* 
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In  spite  of  headaches,  nausea,  “bends,"  and  general  discomfort,  none 
of  the  subjects  withdrew  from,  tixe  experiment,  and  all  demonstrated  a 
consistently  high  level  of  motivation  and  Interest  throughout  the 
investigation. 

Performance  Task 

There  are  few  tests  applicable  to  research  in  this  airea. 

This  situation  is  qiilte  easily  e3q>lained.  In  order  to  evaluate  the 
decrement  in  complex  mental  processes  resulting  from  hypoxia,  the  tests 
utilized  must  laaet  the  following  prereqtiisiteai 

i 

1.  The  task  has  to  be  stKh  that  it  actually  involves  the  coia- 
plex  thought  processes  and  is  not  one  that  may  become 
habitual  or  automatic. 

2.  The  task  has  to  be  sufficiently  sensitive  to  permit  the 
measurement  of  sll^t  variations  in  performance. 

3.  The  elements  of  the  task,  or  Individual  problems,  have  to 
be  homogeneous  in  nature  and  of  equal  or  known  difficulty. 

4*  Although  requiring  concentration,  reasoning,  and  judgment, 
the  problems  have  to  be  such  that  they  may  be  solved  in  a 
relatively  short  period  of  time  to  permit  frequent  measure- 
ments of  performance. 

5.  The  task  has  to  be  such  that  a trained  subject  may  achieve 
a constant  level  of  performance  which  will  not  increase  with 


further  practice. 


In  order  to  meet  these  requirements  the  (Conceptual  Reasoning 
Test  was  devised  for  iiae  In  this  experiment.  This  test  consists  of 
32  small  wooden  blocks  having  the  following  five  dichotomous  characteris- 
tics t 

1.  Large Small 

2,  Tall .Short 

3*  Round......... Square 

4*  Hollow... Solid 

5.  Numbered Lettered 

Half*  or  I6y  of  the  blocks  are  similar  in  at  least  ox»  character- 
istic. For  instance^  half  of  the  blocks  are  round,  half  are  square, 
half  are  tall,  half  are  short,  half  are  numbered,  half  are  lettered, 
etc. 

Eight  of  the  blocks  are  similar  in  at  least  two  character- 
istics. That  is,  eight  of  th^  ma^  be  classified  as  tall-hollow, 
square-short,  or  zxumbered-large,  etc. 

Four  of  the  blocks  are  similar  in  at  least  three  character- 
istics—for  instance,  short-solid-numbered,  or  tall-squaro-small. 

Two  of  the  blocks  are  similar  in  four  characteristics. 

None  of  the  blocks  are  similar  in  all  characteristics. 

A photograph  of  the  test  material  may  be  found  in  the  i^pen- 
dlx  (Fig.  17).  The  blocks  ax^  colored  bright  yellow  with  numbers  and 
letters  in  black,  large  enough  to  be  read  with  ease. 
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Essentially  the  ptroblem  faced  by  the  subject  in  this  experiment 
is  to  select  7 of  the  32  blocks  having  a specified  number  of  characteris- 
tics in  ccmmon  with  a model  block.  It  is  the  subject's  task  to  determine 
these  common  characteristics  with  the  fewest  f>os3ible  errors.  On  the 
basis  of  extensible  prellmlnaxy  experimentation  with  this  test,  it  was 
decided  to  use  those  protdems  involving  similarity  of  only  two  character- 
istics, such  as  tall-hollow,  short-square,  round-numbered,  etc.  There 
are  40  of  these  dual  classifications  that  may  be  determined  for  the  32 
blocks.  The  exajniner  la  provided  with  recording  sheets  listing  the  40 
probLema  with  space  provided  to  note  the  time  taken  and  the  number  of 
exTors  made  in  solving  each  problem.  A ssmple  recording  sheet  is  re- 
produced in  Figure  13  of  the  Af^ndix. 

The  exact  sequence  in  the  solution  of  a two-category  problem 
as  used  in  this  investigation  mi^t  be  as  foUowsi 

The  examiner  randomly  selects  a problem  frm  the  40  listed  on 
the  recording  sheets.  For  exaB?>le,  tall-hollow  might  be  the  dual  clas- 
sification vhich  the  subject  is  required  to  discover.  The  examiner 
places  a tall-holloT»-round-numbered-large  block  before  the  subject.  The 
subject  is  required  to  determine  vMch  7 of  the  remaining  31  blocks  have 
the  two  desired  characterlstios  in  common  with  the  model  block.  The 
model  block  in  itself  gives  very  little  information  concerning  the  cox^ 
root  solutlcxi  to  the  probl^.  For  instance,  in  this  example,  in  addition 
to  being  tft_n  and  hollow,  the  model  block  is  also  round,  numbered,  and 
large.  The  correct  solution  may  involve  any  combination  of  these  five 


variables.  After  each  choice  the  exaininer  informs  the  sxibject  if  he 
has  made  an  error  in  his  selection.  The  subjects  have  previously  been 
instructed  to  proceed  vlth  the  solution  to  the  problems  means  of  the 
process  of  elimination,  that  is,  excludiisg  one  variable  at  a time  until 
the  correct  pair  has  been  determimd.  In  the  case  of  the  example,  in 
which  the  correct  solution  involves  tallness  and  hollowness  in  coaonon 
with  the  model  block,  the  subject’s  first  selection  might  be  a tall-hollow- 
round-numberud-small  block.  In  this  case,  the  first  selection  is  identi- 
cal with  the  Toodel  block  with  the  exception  of  one  characteristic,  that 
of  being  small  instead  of  large.  In  other  words,  the  subject  foms  a 
hypothesis  that  a portion  of  the  correct  solution  to  the  problem  involves 
largeness.  His  selection  is  a tost  of  this  hypo^sis.  Becaxxse  the 
block  selected  by  the  subject  is  also  tall  and  hollow,  this  first  choice 
is  correct.  Since  this  first  selected  block  is  small  and  the  model  block 
is  large,  the  subject  may  reject  his  hypothesis  that  largeness  is  a part 
of  the  solution  and  eliminate  this  variable  from  further  consideration. 

In  order  to  exclude  another  variable,  the  subject  next  selects  a block 
that  is  identical  to  the  model,  again  with  the  exception  of  one  character- 
istic. This  trial  the  subject  may  select  a taH-hollow-aouai^e-numbered 
(large  or  small)  block.  He  will  be  testing  the  hypothesis  that  Vne  cor- 
rect solution  involves  the  block  being  round.  He  is  infomed  by  the 
examiner  that  this  selection  is  also  correct.  On  the  basis  of  this  in- 
formation the  subject  can  reject  his  hyiDOthesis  and  conclude  that  being 
round  or  square  is  not  part  of  the  solution.  As  the  result  of  the  first 


two  selections  the  subject  has  determ’ned  that  the  correct  solution 
Biust  include  two  of  the  throe  varlaoles:  tall^  hollow^  and  nisiibez'ed«> 

ness.  The  subject's  third  selection  might  be  a tall-hollowlettered 
(large  or  small,  round  or  square)  block.  He  will  be  testing  the  hypo- 
thesis that  being  numbered  is  one  of  the  correct  variables.  In 
case  the  examiner  would  inform  liim  that  ths  third  selection  was  correct 
and  the  subject  could  discount  the  variable  of  numberedness.  By  the 
process  of  elimination  the  subject  has  tested  and  rejected  hypotheses 
concerning  three  of  the  five  variables.  Since  only  tallness  and  hollow^ 
ness  remain,  they  necessity  have  to  constitute  the  cori*ect  solution 
to  the  problem  and  the  subject  merely  selects  the  remaining  foiut* 
hollow  blocks. 

In  the  above  example,  all  of  the  subject's  selections  were  cor- 
rect, We  might,  for  further  clarification,  consider  an  example  in  which 
the  subject  is  informed  that  a selection  is  wrong.  Let  us  assume  that 
the  correct  solution  to  a problem  is  the  pair  of  characteristics, 
numberedness  and  largeness.  The  model  block  placed  before  the  subject 
is  numbered-large-SQuare-solid-ahort.  The  aibject,  wishing  to  test  the 
hypothesis  that  laimberedness  is  part  of  the  solution,  selects  a block 
vdiich  is  identical  to  the  model  with  the  exception  of  being  lettered 
rather  than  mmbered.  He  is  infortnsd  by  the  examiner  that  this  first 
selection  is  incorrect.  Thus,  the  subject  mast  accept  the  hypothesis 
that  being  numbered  is  one  member  of  the  pair  of  characteristics  he  is 
trying  to  discover.  Therefore,  all  subsequent  choices  should  be  numbered 
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blocks*  The  subject's  second  selection  ndght  be  a niaBbered-laxge»^“3quare- 
solid-tall  block.  This  block  differs  from  the  model  in  being  tall 
rather  than  short.  This  selection  is  declared  correct  the  examijaor. 
The  subject  can  now  conclude  that  tallness  and  shortness  are  irrelevant 
to  ths  cojrrect  solution.  For  the  third  selection  the  subject  picks  out 
a numbered-square-Bolid-aiaall  (tall  or  short)  olodc  to  test  the  hj^poth- 
esis  that  lar^ness  is  the  secoiad  lOMaber  of  the  pair  of  variables 
demanded  by  the  correct  solution  to  the  pix>blem.  He  is  inforaed  by 
the  examiner  that  this  third  choice  is  incorrect,  Ihe  aibject  may 
deduce  from  this  that  largeness  is  a portion  of  the  owrect  solution  to 
the  problem.  Since  he  discovered  from  his  first  selection  that  numbered- 
nass  was  also  required,  he  has  now  obtained  sufficient  information  to 
inform  him  that  the  correct  solution  is  the  pair  of  variables,  numbered- 
ness  and  largeness.  He  then  selects  the  remaining  four  blocks  having 
these  characteristics. 

If  the  subject  follows  a systematic  arid  logical  thought  pattern, 
all  problems  can  be  solved  with  a minimum  of  seven  or  a maximum  of  nine 
selections.  The  subject  can  maintain  a clear  and  logical  thought  pat- 
tern and  still  make  two  "wrong"  selections.  These,  however,  are  inp* 
formative  errors.  These  two  "wrong"  selections  offer  information  to  the 
subject  regarding  the  correct  pair  of  characteari sties  ihlch,  if  properly 
utilized,  will  determine  his  future  selections.  All  errors  exceedirg 
two  are  noninformative  and  may  be  classified  as  actual  errors.  For  e3&- 
ait^jle,  the  subject  makes  a selection  not  congruent  with  infcjrmation  he 
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has  obtained  from  previous  selectlosas,  or  he  laakes  a selection  which 
does  not  furnish  him  with  useful  information  to  determine  additional 
choiCGS.  If  the  subject  fails  to  reason  correctly  or  to  use  clear  logic, 
his  performance  degenerates  into  a strictly  trial  and  error  procedurej 
and  the  possibility  of  his  selecting  the  correct  blocks  for  solving  a 
given  problem  is  approximately  one  in  four  witii  each  selection. 

Instructions.  After  a demonstration  of  the  nature  of  the  test, 
and  at  Intervals  throughout  the  training  period,  the  following  instruc- 
tions were  read  to  the  subjects* 

The  best  procedure  for  making  a good  score  on  this  test  is  to 
work  as  rapidly  and  as  accurately  as  you  can  and  still  not  make 
more  than  two  errors  on  any  one  problem.  To  do  this  it  is  neces- 
sary that  you  l»ep  your  thinking  straight.  The  actual  movements 
in  picking  up  the  blocks  and  the  time  required  for  this  are  of 
minor  in?)ortanee.  In  order  to  make  a good  score  in  both  time  and 
accuracy  (not  more  than  two  errors  for  each  problaa)  it  is  neces- 
sary that  you  proceed  systematically  and  utilise  the  information 
given  you  as  the  result  of  each  selection.  This  requires  that  you 
remain  alert  and  reason  correctly  with  each  choice*  In  this  way 
you  will  not  only  maintain  accuracy  but  also  will  be  able  to 
solve  the  problems  in  a short  period  of  time. 

You  will  continue  to  work  on  each  problem  until  you  have 
solved  it  correctly  or  have  taken  more  than  two  minutes  on  one 
problem,  at  which  time  the  examiner  will  stop  you  and  present 
you  with  tiffi  next  problem. 

The  object  is  for  you  to  maintain  your  accuracy  and  time  per 
problem  at  the  maximum  level. 

Scoring.  The  subject's  perfomance  was  scored  in  terms  of  both 
time  and  acciiracy.  The  exaniner  started  a stopwatch  at  the  time  he  placed 
the  model  block  before  the  subject.  The  total  time  was  recorded  after 
the  subject  had  selected,  and  placed  in  a group,  all  of  the  ei^t  blocks 


having  the  desired  pair  of  characteristics  for  that  particular  problem. 

■Phe  total  number  of  wrong  choices  was  also  noted. 

Procedure 

Pre-Experimental  Training.  To  prevent  the  effects  of  hypoxia 

-f  »• . . 

from  being  camouflaged  by  an  ijiyirovemant  in  performance  as  a result  of 
further  practice,  a pre-expo  rime  ntal  traiaing  period  was  required. 

The  ten  subjects  were  divided  into  pairs,  one  member  acting  as 
examiner  and  the  other  as  subject.  Their  roles  were  reversed  at  speci- 
fied intervals.  The  same  pairs  of  subjects  mre  maintained  throughout 
the  experisient. 

The  subjects  were  instructed  in  the  nature  of  the  Conceptual 
Reasoning  Test  and  were  given  demonstrations  as  to  the  proper  method  of 
procedure  in  solving  the  problems.  The  training  period  continued  for 
approximately  three  hours  a day  for  ten  days.  After  the-first  hour,  a 
period  of  merely  becoming  familiar  with  the  task,  a continuous  record 
was  made  of  each  subject’s  performance.  The  criterion  for  the  cessation 
of  practice  was  that  the  subject  should  solve  80  consecutive  problems 
with  only  chance  differences  existing  in  the  moan  time  for  any  grot;q)  of 
20  consecutive  problems.  A graphic  record  was  kept  of  each  subject’s 
progress  so  that  it  was  possible  to  determine  with  ease  when  the  subject 
was  reaching  a constant  level  of  performance.  Figure  2 is  offered  as  a 
typical  example  of  the  learning  curve  for  this  task. 

An  analysis  of  variance  was  conducted  on  the  time  scores  obtained 


-45- 


Tlme  in 
Seconds 


Fig.  2. — Pre-experimental  practice  curve.  Each  point  represents  the 


mean  time  for  each  group  of  10  successive  trials. 


from  each  subject's  mean  performance  for  each  succeeding  group  of  20 
problems  in  the  final  series  of  30  trials*  These  data  are  presented  in 
Table  1, 

Table  1 


Analysis  of  Variance  on  Final  Training  Series 
for  Each  Subject 


Subject 

i 

F 

P 

A 

1644.10/25*45 

2.55 

> .05 

B 

1239.85/43.04 

1.14 

> .05 

C 

914.30/11*25 

3.21 

> .05 

D 

1357*00/10,55 

6.94 

>.05 

£ 

1350*10/120*70 

1.65 

>.05 

P 

2762*25/30.14 

3.62 

>.05 

G 

1140.95/78.04 

1.73 

>.05 

H 

913.30/14.65 

2.46 

>.05 

I 

2033.75/21.U 

3.30 

>.05 

J 

2362.25/U7.74 

I.Q4 

>.05 

“1 

« 76 

“2 

■ 3 

The  P ratios  obtained  indicate  that  the  differences  in  mean 
performance  can  be  accounted  for  by  chance  fluctuations.  Thus^  thare 
was  no  apparent  in5)rov8inBnt  as  a result  of  ftirther  practice  dtxring  the 
final  30  trials* 

In  order  to  pro\ride  a reference  point  from  lAiich  deviations  from 
optimum  performance  might  be  evaluated^  the  tine  and  standard  deviation 
were  con^mted  for  each  subject's  last  40  practice  trials*  These  data  are 
given  in  Table  2* 


f Tabls  2 


Perfoimance  Ifeasures  of  Final 
Taralnlng  Series 


Subject 

Mean  Time 
in  Seconds 

SD 

A 

B 

19.55 

3.93 

20*05  T -r-v,,-- 

3.20 

C 

16*20 

3.30 

D 

17.20 

4.4>5 

£ 

17.73 

4.25 

F 

16.S0 

5.03 

"0 

16*03 

3.38 

H 

' 12*93 

2*33 

I ’ 

13.35 

4.70 

J 

19.15 

5.00 

Although  there  are  4^  different  possible  coiabinations  of  paired 
variables  in  the  Conceptual  Beasoning  Test,  there  are  actually  four  dlf- 

* a 

ferent  types  of  problems* 

1*  Twelve  problems  in  vhich  the  dichotomous  variables  of  size, 
shape,  or  height  are  paired* 

2*  Twelve  probleias  in  which  size,  shape,  cxr  hel^t  forms  one 
member  of  the  pair  and  hollow  or  solid  makes  the  second 
member  of  the  pair* 

3.  Twelve  problems  in  which  size,  ^S5>e,  or  hei^t  is  comblnad 
with  either  number  or  letter* 

4*  Four  problems  from  the  pairing  of  letter,  hollow,  number, 
and  solid* 


On  the  basis  of  the  group  perfofrmance  on  the  last  30  trials  of 
the  pre-e:q>eri]Deittal  serleS|  the  difficult/  level  of  these  four  tj^s  of 
problems  was  determined.  This  iisfomation  Is  Indloated  in  Table  3. 


Table  3 

Problem  Dlffieull^  of  Conceptual  Reasoning  Test 


Mean  Time 
in  Seconds 

SD 

1 

14*44 

3.78 

2 

17.78 

4.26 

3 

19.79 

4.62 

4 

20,85 

4.70 

The  data  in  the  above  table  indicate  that  there  is  a ali^t 
difference  in  difficulty  of  ttie  various  jaroblems  making  up  the  Conceptual 
Reasoning  Test.  On  the  basis  of  the  data  available  in  this  preliminary 
work|  it  does  not  seem  advisable  to  speculate  on  the  dlfferexses  in  dif- 
ficulty of  the  four  types  of  problems  as  a function  o£  their  degree  of 
concreteness  or  abstractness.  Considering  the  investigations  by  Ifeid- 
breder  (29),  Ctoldstein  (23),  and  others  (27,  56),  it  might  be  a sound 
hypothesis  to  state  that  large,  square,  and  tall  are  concrete  aspects 
of  the  stimuli  than  letter  or  number,  and  hence  problems  involving  those 
qualities  are  more  easily  solved.  However,  the  e3(planatlon  in  this 
particular  case  may  be  that  it  was  merely  3Bore  difficult  perceptually 
to  discriminate  between  letters,  numbers,  hollowness,  ani  solidness 


than  the  other  variables. 
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To  reach  a valid  concliision  regarding  the  problem  difficulty,  it 
would  be  necessary  to  systematically  vary  tixe  characteristics  of  the 
blocks  so  that  in  terms  of  sensory  quality  it  would  be  equally  as  dif- 
ficult to  discriminate  a numbered  and  a lettered  block  as  it  is  to 
differentiate  between  a large  and  a small  block.  Since  such  an  invesU- 
gation  was  not  the  Intent  of  the  present  research,  the  only  requirement 
concerning  the  block  characteristics  was  that  Ihe  differences  be  suf- 
ficiently great  so  that  even  urder  conditions  of  in?>aired  visual  funcUon 
the  discriminations  could  be  made  with  ease*  From  observations  of  the 
subjects  and  from  their  cocmients  during  the  experiment,  this  requirement 
was  apparently  satisfied  in  the  design  of  the  test  blocks. 

A second  factor  vhich  would  contarihute  to  tl©  difficulty  level 
of  the  four  types  of  prob4<miB  is  the  prescribed  procedure  for  solution 
established  during  training.  That  is,  all  subjects  were  trained  to  test 
for  the  correctness  of  each  of  the  concepts  in  a definite  order.  The 
first  hypothesis  to  be  tested  was  size  of  the  blodc  as  one  of  the  pair  of 
concepts  making  up  the  cora^ct  solution.  remaiaaing  concepts  were 
tested  in  the  oilier  of  shape,  height,  hollow-solid,  and  finally  number- 
letter,  As  a result  of  this  pa^ocedua©  those  problems  Involvli^  shape 
aaad  size  as  the  cora©ct  solution  would  necessarily  be  less  difficult  than 
those  problems  involving  naambor  and  letter.  In  the  foamier  case  the 
solution  woaald  be  discovered  with  the  first  two  tarf.als  while  in  Ihe  latter 
case  the  subject  would  be  required  to  raaember  what  the  solution  “was 
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not"  while  seeking  to  discover  the  cozreot  pair  of  ooncepta.  This  pro- 
cedure was  initiated  to  insure  a unifozn  method  of  solution  by  all  sub- 
jects* 

Inasmuch  as  a sli^t  difference  in  difficulty  of  the  four  types 
of  problems  was  anticipated,  they  were  presented  to  the  subjects  in 
random  order  which  did  not  permit  a sequence  of  any  one  type  problem* 

Experimental  Situation.  An  LPRp-2  type  deecm^>ression  chamber 

i 

was  used  in  this  researdi*  This  is  qiilte  an  elaborate  piece  of  apparatus 

I 

in  which  conditions  of  very  hi^  altitudes  can  be  simulated*  Not  only 
can  the  barometric  pressure  be  controlled  rather  accurately,  but  facili- 
ties are  available  for  cooling,  heating,  and  ventilating*  A piotinre  of 
the  apparatus  with  some  of  the  subjects  may  be  seen  in  Appendix  (Fig*  15). 

The  pairs  of  subjocts  were  seated  at  desks  opposite  each  other 
in  the  chamber,  the  examiners  on  one  side  and  the  subjects  on  the  other* 
Tlie  examiners  wore  demand-regulator  type  oxygen  masks  throu^out  each 
experimental  session*  The  same  type  oxygen  masks  were  available  for 
the  subjects  liien  they  became  unconscious  or  in  case  of  an  emergency* 

In  addition  to  those  actually  participating  in  the  experiment,  the 
present  investigator  and  a Navy  corpsman,  trained  in  first  aid,  were 
present  at  all  times.  Observers,  in  radio  ooDBiiunication  with  the  corps- 
man,  were  stationed  outside  the  chamber  to  watch  all  subjects  carefully 
for  signs  of  collapse  or  Uioadual  syn^toms,  A idiysioian  was  alerted  and 
available  for  immediate  service  at  all  times  dtiring  the  periods  at  alti- 


tude 
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Ijqperlinental  Schedoila.  There  were  six  experimental  sessions 
of  approximately  two  hours  and  nine  miit.:i>’es  each,  Hoxirever,  the  first 
session  was  to  acquaint  the  subjects  with  the  procedure,  establish  a 
smootli  mode  of  operation,  and  relieve  general  'anxiety  that  ml^t  infiuftnnA 
perfomance  in  the  actual  experimantal  sessions.  The  results  of  tuis 
initial  altitude  run  at  12,000  feet  are  not  included  in  the  data. 

The  simulated  altitudes  attained  and  their  order  of  occurrexioe 
were  as  followsi 

Session  1 13,000  feet 

Session  2 16,000  feet 

Session  3 Sea  level 
Session  4 18,000  feet 

Session  5 ‘17,000  feet 

Actually  the  sea  level  session  was  at  an  altitude  of  approxl- 
mately  150  feet.  In  order  to  keep  conditions  as  constant  as  possible 
with  the  other  sessions  and  so  as  not  to  prejudice  the  subjects,  the 
chamber  was  initially  taken  up  to  10,000  feet  but  imo^ately  dropped 
down  to  150  feet  simulated  altitude.  With  this  procedure  it  was  neces- 
sary to  keep  all  pumps  and  ventilating  eq^pment  in  operation  so  that 
noise  and  other  variables  i#ere  can?)arable  witii  coiiditions  at  the  other 
altitudes.  That  this  ruse  was  successful  was  indicated  by  the  fact  that 
althou^  the  subjects  could  detect  from  subjoctlve  aymptnmp  that  they 
were  not  as  high  as  they  had  been  in  the  previous  session  they  guessed 
their  approximate  altitude  to  be  from  3,000  to  12,000  feet. 


-52- 


The  sea  level  session  a^ted  as  a control  for  variables  extraneous 
to  the  effect  of  degree  uid  duration  of  hypoxia.  The  modification  cf  > 
behavior  as  a fumtion  of  the  independent  variable  was  measured  by 
utilizing  each  subject  as  his  own  control.  That  is,  the  perfonaanoe 
of  each  individual  at  a given  degree  or  duration  of  stress  was  TOispared 
with  that  same  individual' s perfozmance  at  other  degrees  and  durations 
of  stress. 

The  pairs  of  subjects  were  divided  into  two  groups  labeled 
A and  B.  Group  A acted  as  exar;iiners  in  the  morning  and  as  subjects  in 
the  cifternoon  of  cm  experimental  day*  The  procedure  was  rerersed  for 
Group  B.  During  the  following  experimental  session,  die  order  of  pro- 
cedure for  the  two  groups  was  changed  so  that  Group  B acted  examiners 
in  the  morning  and  as  subjects  in  the  afternoon.  Beoause  of  previous 
operational  cranmitments  of  the  dxamber,  minor  ailmaits  of  the  subjects, 
and  the  advisability  of  spacing  the  exposure  to  hypoxia,  the  oiqjerimental 
sessions  were  spread  over  a period  of  I4  days. 

As  mentioned  previously,  the  total  time  in  the  chamber  for  each 
session  was  approximately  two  hours  and  nine  minutes.  This  period  was 
•divided  into  seven  equal  work  periods  which  we  shall  refer  to  as  units 
within  experimental  sessions.  The  activity  for  each  unit  from  the  time 
of  entering  the  chamber  may  be  seen  in  Figure  3, 

Since  the  subj&cve  wei'O  to  be  confined  in  an  unpleasant  environ* 
ment  for  such  long  periods,  it  seemed  advisable  to  incLudo  an  additional 
activity  whidh  mi^t  be  alternated  with  the  Conceptual  Heasoning  Test. 


in  Minutes 
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This  prcxsedure  seerod  advisable  to  avoid  monotony  and  boredom 
and  to  aid  in  maintaining  motivation  toward  the  eiqperiment,  A group  of 
seven  vigilance  tests  was  devised,  each  consisting  of  a series  cxf  tvo~ 
digit  numbers*  The  subjects  were  required  to  underline  all  sequences 
of  three  or  more  odd-numbered  digits*  The  data  derived  from  this 
material,  not  pertinent  to  the  present  problem,  will  be  reported  in  a 
future  publication* 

The  same  amount  of  time  was  taken  to  reach  altitude  for  each 
session.  The  initial  period  of  ascending  to  altitude  was  iised  by  the 
subjects  as  a “warming  up"  period  for  the  Conceptual  Reasoning  Test. 

The  experimenter  kept  a careful  check  on  the  time  for  starting  and  atop» 

. ping  each  activity  within  all  units. 

The  subjects  were  instructed  to  continue  w<a*king  until  ths 
session  was  coB^^lete  or  until  they  felt  themselves  on  the  verge  of  un- 
consciousness* From  previous  orientation  they  were  intellectually  ac- 
quainted with  the  syirptoms  but  had  never  actually  experienced  unconscious- 
ness resulting  from  hypoxia.  Fortunately  for  the  purposes  of  the  experi- 
ment, the  men  cooperated  in  a coimnendatcary  manner.  All  subjects  but  one, 
who  maintained  some  degree  of  performance  throxighout  each  session, 
worked  at  the  assigned  tasks  until  they  became  unconscious  or  were  com- 
pletely incapacitated.  The  decision  to  cease  work  if  the  subject  did  not 
conpletely  colls^se  was  at  the  discretion  of  the  subject  himself,  the 
e^qperimenter, or  the  corpsman  present  In  the  chamber.  Of  course,  under 
severe  hypoxio  stress  there  were  numerous  occasions  in  which  the  subject 
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lacked  the  insight  to  re  cognise  his  own  sormptons  of  imainent  collapse. 

The  subjects  were  provided  with  pencil  and  paper  and  asked  to 
record  all  subjecti'w  sjnnptoans,  both  physiological  and  psychological, 
that  they  experienced  during  the  sessions.  In  addition,  if  they  had 
lost  consciousness  during  a particular  session,  \;5>on  recovery  they  were 
asked  to  record  all  that  they  remembered  of  the  events  Immsdiately 
preceding  the  eollspse. 

Reliability  and  Validity 

The  zellablllty  of  the  Conceptual  Reascning  Test  was  assured 
by  the  period  of  prior  training  and  the  criterion  for  tl»  cessation  of 
practice.  However,  a reliability  coefficient  was  calculated  for  the 
group  by  an  analysis  of  variance  technique.  This  procedure  for  deter- 
mining reliability  was  proposed  by  Hpyt  (33)  and  later  an?)lified  by 
Hoyt  and  Stunkard  (34).  Utillaing  this  method,  the  final  80  trials  of 
the  training  series  were  groined  into  four  sections  of  20  consecutive 
problems  and  an  analysis  of  variance  was  used  to  test  these  data.  The 
results  are  presented  in  Table  4, 

The  coefficient  o£  reliability  may  be  expressed  as 2 

b^,^a  ,;qdivi4q^g  - Itesid^fll  , 7615.2256  - 156.08A1  , ^^5 
Mean  Square  between  Individuals  7615,2256 

As  one  might  expect  from  our  procedure  the  obtained  areliability 
coefficient  is  sufficiently  large  to  allow  us  to  place  confidence  in  the 
consistency  of  performance  measmTements  obtained  with  this  instrument. 

The  validity  of  the  Conceptual  Reasoning  Test  is  based  upon 
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Tabld  4 

Computation  of  th3  Coefficient  of  Beliability 
by  AnEdysis  of  Variance 


Source  of  Variation 

d.f. 

Sum  of  Squares 

Mean  Square 

Total 

39 

77990,78 

Between  Sections 

3 

5239.43 

1746.4933 

Between  Individuals 

9 

63537.03 

7615.2256 

Residual 

27 

4214.27 

156.0841 

logical  grounds  rather  than  as  the  result  of  a correlation  of  the  present 
test  resiats  with  an  external  criterion.  In  fact,  in  this  situation  the 
criterion  ;^on  vdiich  validity  is  based  is  performance  upon  the  instrument 
itself.  That  is,  tbs  goal  or  purpose  is  to  measure  performance  with 
this  instrument  under  varioxis  hypoxic  conditicns  rather  than  to  pre- 
dict performance  in  scaoe  other  task.  Since  we  have  demonstrated  the 
test  to  be  a reliable  lasaaire,  logically  it  is  a valid  measure  of  it- 
self. In  such  a situation  the  index  of  reliability,  .99— the  square 
root  of  the  reliability  coefficient,  can  be  taken  as  the  validity  coef- 
ficient (50). 

Although  the  test  is  apparently  valid  in  terms  of  the  purposes 
for  which  it  was  constructed,  we  have  referred  to  this  instrunent  as  a 
Conceptual  Reasoning  Test.  Hence  wo  may  be  obligated  to  show  that  con- 
ceptuEO.  roEisoning  is  required  for  successful  performance,  although  this 
is  not  essential  to  the  problems  proposed  by  this  research. 
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• A review  of  the  description  of  the  tost  will  demonstrate  that 
the  differentiating  characteristics  of  tiie  test  objects  are  generally 
accepted  as  concepts t largeness^  smallnossf  round neas>  tallness^  etc* 
Reasoning  or  mentally  manipulating  these  concepts  to  determine  relation* 
ships  is  evident  from  previous  descriptions  of  successful  solutions. 

External  support  for  this  type  instrument  as  a conceptual 
reasoning  test  is  provided  by  the  works  of  Vigotsky  (56),  Goldstein  (23) » 
Scheerer  (24),  and  Hanfmann  and  Kasanin  (27),  who  have  developed  tests 
of  this  nature  which  have  coma  to  be  accepted  as  measures  of  conceptual 
reasoning* 

The  Block  Criterion 

Since  we  have  postulated  the  i^pearance  of  response  blocks 
in  performance  under  stress,  it  will  be  necessary  to  establish  a 
criterion  for  their  detection* 

The  accuracy  with  \drich  we  detect  blocks  will  be  determined  by 
the  performance  being  investigated  and  the  methods  of  measurement*  Blocks 
could  occur  which  would  not  interfere  with  the  behavior  being  evaluated 
or  during  intervals  of  time  which  were  not  recorded  in  our  maasuremsnts* 
For  Instance,  in  the  Conceptual  Reasoning  Test,  the  subject  was  not 
required  to  perform  dwing  the  interval  in  which  his  responses  to  the 
previous  task  ifere  being  recorded  or  while  the  examiner  was  selectiz^ 
and  presenting  the  model  for  toe  next  problem*  In  addition,  it  is  pos- 
sible that  this  interval  between  problems,  even  toou^  only  a few  seconds, 
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sonred  as  a rest  period  and  influenced  in  some  manner  the  appearance  of 
blocks  in  the  execution  of  the  following  probliaa.  i’or  these  reasons 
a response  block  must  be  opeirationally  defined  in  terms  of  the  task  end 
the  methods  of  measurement,  < 

With  a simple  task  like  color  naming^  in  which  the  exact  length 
of  a block  is  moz^  eosiljr  determined,  it  is  quite  conceivable  that  one 
could  empirically  define  a response  block,  Ifowever,  in  the  present 
research,  utilising  a oon^lex  task,  the  amplitude  of  response  blocks 
cannot  be  determined  since  the  actual  time  eleq)sing  during  the  block 
is  imbedded  in  the  total  time  required  to  solve  the  problem.  The  presence 
of  a block  must  be  inferred  from  the  atypical  response  time. 

For  instance,  let  us  suppose  that  for  a given  individual  the 
mean  time  required  to  solve  the  Conceptual  Reasoning  Test  problems  is 
15  seconds  with  a standard  deviation  of  3 seconds  based  upon  his  parfon>> 

ance  during  the  final  series  of  practice  trials*  In  a l^ypoxio  stress 

( 

situation  this  Individual  requires  the  following  time  intervals  to  solve 
a series  of  problems  t 

14  seconds 

17  " 

15  • 

48  « 

13  w 

13  « 

37  « 

12  •* 

16  « 

In  this  series  we  have  two  responses  ^Idi  are  cpiite  deviant  from  those 
which  precede  and  follow  them,  Apparently,  something  happened  to  the 
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behavior  during  the  intervals  required  for  the  solution  of  these  two 
problems.  One  cannot  detenaine  exactly  what  occurred  in  the  stibject*a 
behavior  during  these  periods,  for  there  are  numerous  possibilities  that 
ni^t  account  for  these  atypical  responses t 

1.  The  subject  may  have  methodically  followed  aU  the  logical 
steps  necessary  for  successful  solution  but  at  a much 
slower  rate  than  that  of  which  he  was  ce^able  at  other 
times. 

2.  Ihere  ‘may  have  been  a single  period  of  time  lasting  several 
seconds  during  which  he  was  unable  to  respond. 

3.  There  may  have  been  several  very  short  periods  of  time 
during  which  he  was  unable  to  respond. 

' It  was  not  feasible  id.th  the  present  measuring  instrument  to  dif- 
ferentiate between  these  various  possibilities.  Since  the  subject 
continues  to  work  until  he  has  achieved  a successful  solution  to  eaidi 
problem,  the  total  tine  included  in  the  atypical  response  cannot  be 
entirely  taten  up  by  the  actual  blocking  effect.  Therefore,  we  cannot 
specify  the  exact  duration  of  these  individual  periods  of  inqpaired  per- 
formance, vdiich  nay  Increase  in  number  and/or  asQ)lltude  \iith  hypoxio 
stress.  It  is  merely  infenred  that  there  ia  a decrement  of  efflclencgr 
during  'Uiese  atypical  response  periods,  and  it  is  these  total  periods 
which  we  refer  to  os  respoxise  blocks. 

We  must  now  define  the  limits  beyond  which  a response  will  be 
considered  Stable  behavior  was  demonstrated  during  the  final 
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practice  aeries  with  only  all^t  variation  from  trial  to  trial.  It  is 
reasonable  to  suppose  that  under  stross  the  perfonaance  would  deviate 
from  this  nom  in  a positive  dlrectlor.  Since  we  are  primarily  interested 
in  only  oae-holf  of  the  normal  curve,  we  have  adopted  for  the  block 
criterion  ai^y  response  which  exceeds  the  mean  plus  3.09  standard  devia- 
tion units,  which,  according  to  the  normal  probability  table,  provides 
a ,001  level  of  confidence  (36), 


Table  5 

Block  Criterion  for  Each  Subject 


Subject 

Mean  Time 
in  Seconds  SD 

Mean  4 
3.09  SD 

A 

19,55 

3.93 

31.69 

B 

20,05 

3.20 

29.94 

C 

16,20 

3.30 

26.40 

0 

17,20 

4.45 

30,95 

£ 

17,73 

4.25 

30.36 

F 

16,30 

5.03 

32.34 

a 

16,03 

3.38 

’■^26.47 

H 

12.93 

2,83 

21,67 

I 

18.35 

4.70 

32,37 

J 

19.15 

5.00 

34.60 

This  particular  criterion  was  selected  for  the  reason  that  it 
is  sufflclenUy  large  so  that  responses  exceedii«  this  amount  could  with^ 
out  question  be  considered  blocks.  Inis,  of  course,  has  a disadvantage 
in  the  fact  that  blocks  may  also  have  occrrred  in  responses  consumii^ 
less  time  than  that  demanded  by  this  limit.  However,  if  the  criterion 
were  less  rigorous  we  would  be  open  to  the  criticism  that  we  had  consid- 
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ered  as  blocks'  those  responses  which  were  merely  noxmal  Yorlations  In 
behavior, 

iuaoh  siibject's  mean,  stazxiard  deviation,  and  that  point  which 
represents  plus  3*09  standard  deviation  units  frcna  his  mean  performanoe 
on  the  last  40  practice  trials  are  indicated  in  Table  5*  All  responses 
exceeding  the  criterion  for  each  subject  will  be  consideTOd  as  a block. 

In  the  next  section  of  this  paper  ue  will  consider  the  methods 
of  auialysis  used  in  the  evalxiation  of  the  data  and  the  results  obtainsd 
from  the  procedtire  indicated  above. 


CHAPTER  IV 


ANALISIS  AHD  RESULTS 
Introduction 

As  indicated  previously,  the  goal  of  this  research  was  to  test 
several  hypotheses  regarding  the  decrement  of  perforzaance  in  a con- 
ceptual reasoning  task  under  different  degrees  and  durations  of  hypoxic 
stress* 

This  analysis  will  be  presented  in  three  sections.  The  purpose 
of  the  first  section  is  to  determine  if  there  is  a loss  of  performance 
efficiency  in  the  Conceputal  Reasoning  Test  under  the  specified  e:qperi« 
mental  conditions*  The  second  section  will  be  concerned  with  the 
blocking  effect  aiui  its  significance  to  efficiency  zinder  hypoxia* 
Finally,  we  will  evaluate  the  manner  in  which  the  individual  adjusts  to 
continuous  hypoxic  stress  as  reflected  in  performance  on  the  Conceptual 
Reasoning  Test. 

Analysis  by  Degree  of  Stress 

Prior  to  a detailed  analysis  of  the  data,  Table  6 indicates 
the  number  of  observations  made  on  the  Conoeptual  Reasoning  Test*  It  Is 
quite  apparent  from  these  data  tnat  the  number  of  respoxzses  tends  to  de- 
crease with  altitude*  This  is  partially  accounted  for  by  the  fact  that 
unconsciousness  appears  earlier  and  affects  a greater  number  of  subjects 
as  the  simulated  altitude  is  increased*  Consequently,  the  number  of 
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Tabde  6 


Ntimber  of  Problems  Soiled 


Subject 

Session 

(Altitude  in  Feet) 

Sea  Level 

13,000 

16,000 

17,000 

18,000 

Total 

A 

153 

U3 

90 

101 

101 

588 

B 

120 

107 

90 

102 

73 

497 

C 

134 

144 

139 

135 

153 

705 

D 

126 

102 

57 

50 

60 

395 

S 

ISO 

144 

47 

36 

61 

468 

P 

159 

153 

54 

22 

41 

429 

a 

164 

147 

97 

106 

73 

587 

H 

169 

187 

84 

87 

71 

593 

I 

137 

117 

80 

20 

74 

428 

j 

116 

119 

112 

69 

112 

528 

Total 

1458 

1363 

850 

728 

824 

5223 

responses  for  the  more  severe  degrees  of  stress  is  less  than  the  nunw 
ber  recorded  at  lower  altitudes.  As  Indicated  in  tbs  e3cperimsntal 
schedule,  each  session  consisted  of  seven  equal  units  of  work.  Table  7 
exhibits  the  number  of  units  coopleted  each  subject  for  the  different 
sessions. 

It  nay  be  noted  that  there  is  relatively  little  difference  in 
the  number  of  units  consisted  at  the  hi^er  altitudes.  In  fact,  the 
number  of  units  consisted  at  IB,CXX}  feet  is  slightly  greater  than  the 
units  con^ilsted  at  16,000  feet.  !Hiis  would  indicate  that  when  the 
hypoxic  stress  becomes  rather  severe  collapse  will  occur  at  about  the 
sane  point.  ISie  situation  is  similar  to  that  in  idiich  a person  is  made 


unconscious  from  a blow  on  the  head.  As  the  farce  of  the  bLov  is 


Table  7 


Units  Cooqpleted  by  Each  Subject 

. •• 


Subject  ' 

SaiMtlQn  lAH 

tmti 

■ ■ . 

Sea  Level 

13,00p  16,000 

HjBol 

A • 

7 

7 

4 ' 

■ i 

5 

6 

B 

7 

7 

7 

7 

5 

C 

7 

7 

7 

7 

7 

D 

7 

7 

3 

4 

5 

£ 

7 

7 

3 

3 

5 

F 

7 

7 

3 

2 

3 

a 

7 

7 

5 

6 

5 

H 

7 

7 

4 

5 

•4 

I 

' 7 

7 

5 

3 

6 

J 

7 

\ ' 

7 

5 ... 

,.,5 

7 

increased,  the  greater  the  possibility  that  unccnsciousness  will  re- 
sult. Hovever,  after  a critical  degree  of  force  is  exceeded,  unconp* 
sciousnsss  invariably  follows  and  ai^  increase  beyond  this  point  does 
not  affect  the  r£g>idity  or  probability  of  its  occtirrezxse. 


The  above  data  indicate  quits  clearly  the  extent  to  idiich  the 
subjects  suffered  from  IqqxndLa  during  the  eaqperlmeDtal  sessictis.  Ue 
are  now  in  a position  to  test  Hypothesis  I:  For  the  task  utilized  in 

this  investigation,  there  is  a significant  difference  between  the 
efficiency  of  performance  at  sea  level  and  all  other  sinulated  alti- 
tudes in  iddch  measvireiQBnts  were  obtained* 

It  is  recognized  that  to  be  statistically  precise,  the  hypoth- 
eses should  be  stated  in  the  null  fashion*  Then,  if  rejected,  the 
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obtained  difference  in  our  measures  could  be  attributed  to  the  independ- 
ent variable.  However,  for  clarity  of  exposition,  the  hypotheses  are 
stated  in  a positive  manner. 

Mean  Time 


Fig*  4>  Mean  Time  per  Problem  by  Session 


Mean  Time 


In  Seconds 

6,0 

7.0 

3.0 

9.0 

10,0 


Fig,  5.  Variability  of  Performance  Session 
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Figiire  4 indicates  in  graphic  form  the  mean  tine  reqidred  to 
solire  the  Ccoceptual  Reasoning  !Test  problems  for  each  session. 

Figure  5 indicates  the  variability  of  perfoxuance  on  the  Con“ 
ceptual  Reasoning  Test  as  a functicoi  of  degree  of  stress  or  simulated 
altitude.  The  points  are  plotted  from  the  standard  deviation  dari'ved 
from  the  group  data  for  all  sessions. 

Figures  4 and  5 evidence  a progressive  increase  in  mean  time 
and  variability  as  degree  of  stress  is  increased.  An  analysis  of  the 
difference  in  performance  at  the  various  altitudes  uas  conducted  by 
means  of  the  "t”  test.  The  results  of  this  analysis  are  presented  in 
Table  3. 

Table  3 

Performance  lieasures  by  Session 


Session 
(Altitude 
in  Feet) 

lie  an 

SD 

"t*  Values 

Sea  Level  13,000  16,000  17,000  13,000 

Sea  Level 

17.12 

.17 

6,46 

• • • 

2,44  6.03 

6.95 

8.23 

13,000 

17.73 

.19 

6.99 

# • • 

. . . 3.85 

5.13 

6.38 

16,000 

19.05 

,26 

7.41 

• • • 

# • • # • • 

1.77 

2.91 

17,000 

19.83 

.35 

9.57 

1.02 

13,000 

20.33 

.34 

9.93 

An  Inspection  of  the  "t"  values  in  Table  3 Ixxlicates  a dlffercxae 
in  performance  between  sea  level  and  13f000  feet  which  is  significant  at 
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the  ,05  level.  The  dif ferenoes  between  sea  level  perfomance  and  all 
other  degrees  of  stress  are  significant  at  greater  than  the  .001  level* 
These  data  permit  the  acceptance  of  otir  initial  hypothesis*  We  find  a 
decrement  In  performance  and  greater  variability  during  all  e^qperimsntal 
sessions  exceeding  sea  level. 

The  Blocking  Effect 

Frequency  pf  Blocks  by  Degree  of  Stress.  We  have  demonstrated 
that  there  is  a significant  decremant  in  performance  on  the  Conceptual 
Reasonlxig  Test  as  a function  of  degree  of  l^poxlc  stress.  We  are  now 
prepared  to  evaltiate  the  relationship  between  tlie  block  effect  and  hypoxic 

9 

stress.  This  will  be  accomplished  in  part  testing  I^/pothesis  lit 

There  is  a significant  increase  in  the  frequency  of  blocks  with  degree 

« 

of  stress. 

In  accordance  with  our  criterion,  all  responses  which  exceeded 
« 

pl\;is  3*09  standard  deviations  from  Individual  mean  performance  were 
considered  as  block  responses.  T^  frequency  with  which  these  appeared 

9 

during  each  experimental  session  may  be  noted  in  Table  9. 

These  data  portray  a gradual  increase  in  the  percentage  of 
blocks  as  simulated  altitude  is  Increased  from  sea  level  to  17,000  feet. 

It  may  be  noted  that  a greater  percentage  of  block  responses  occurs  at 
17,000  than  at  13,000  feet.  This  would  indicate  that  the  percentage  of 
blocks  may  increase  with  degree  of  stress  up  to  a given  point,  beyond 
which  we  find  chance  differexices.  This  point  may  mark  the  limit  of  the 
adequacy  of  the  compensatory  mechanisms.  In  order  to  determine  the 


veracity  of  this  esqplaxiatlon  It  would  be  necessary  to  extend  our  measure* 


ments  to  greater  altitude* 

Table  9 

Relationship  of  SLodcs  and  Errors  to  Degree  of  Stress 


Seasion  (Altitude  in  Feet) 


Sea  Level 

13,000 

16,000 

17,000 

18,000 

Number  of  responses 

• 

U53 

1363 

350 

728 

824 

Number  of  blocks 

. 59 

71 

78 

38 

92 

Percentage  of  blocks 

4.05 

5.21 

9.13 

12*09 

11*16 

Number  of  errors 

63 

85 

45 

48 

64 

Percentage  of  errors 

4.32 

6*24 

5.30 

6,59 

7*77 

A 2 X 2 ohi«*square  analysis  was  performed  to  detezmine  if  there 

I ■ * 

were  a significant  increase  in  the  frequency  of  falodcs  with  altitude  (49)* 
As  one  would  anticipate  from  an  inspection  of  the  data»  the  analysis 
showed  this  increase  to  be  significant  beyond  the  *001  level* 

On  the  bcisis  of  these  results  we  may  accept  hypothesis  lit  There 
is  a significant  increase  in  the  percentage  of  block  responses  as  degree 
of  stress  is  increased* 

.Table  9 also  portrays  the  relationship  of  errors  to  degree  of 
stress*  The  data  show  an  increase  in  the  petroenbage  of  errors  as  we 
move  from  sea  level  to  other  altitudes  but  only  sli^t  Increases  in  the 
percentage  of  errors  between  altitudes* 
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Freguency  of  Blocks  by  Phase  of  Stress.  Our  analysis  to  this 
point  h.as  consisted  of  an  evaluation  of  the  decrensnt  in  perfonaance 
as  a function  of  degree  of  stress*  We  have  considered  only  the  totad. 
performance  at  the  different  altitudes  and  have  not  attempted  to  evaluate 
the  subjects'  performance  during  consecutive  periods  at  the  same  alti- 
tude* Since  all  the  subjects  did  not  eoUe^se  at  the  sasae  pointy  it  was 
Inqpossible  to  comparo  performance  under  continuous  stress  by  means  of 
the  tenporally  equal  units  of  work  in  each  ercperimental  session*  For 
Instance,  the  more  stable  subjects  mi^t  continue  to  perrfoxm  at  a given 
degiree  of  stress  through  Unit  7 while  the  less  stable  subjects  coll£q>sed 
during  Unit  4 cr  5*  Thus  a cos^ardson  of  performance  decrement  for  the 
* seven  units  would  have  very  little  meaning*  For  this  reason  a procedure 
had  to  be  devised  in  order  to  make  conpurable  the  performance  of  the 
different  individuals  at  the  same  relative  poiirt  In  their  decline*  This 
was  accosplidied  by  dividing  all  the  responses  occurring  during  the 
period  from  normality  to  unconsciousness  into  five  phases,  each  phase 
containing  approodmately  nhe  same  number  of  responses.  In  this  manner 
an  individual's  performance  in  any  one  of  the  phases  at  a given  altitude 
could  be  cospared  with  his  proficiency  during  aiiy  other  phase  at  the 
same  altitude*  Further,  this  procedure  made  possible  the  combining  of 
the  lndivid\ial  data  so  as  to  permit  an  evaluation  of  the  group  decrement 
in  performance*  The  selection  of  five  phases,  rather  than  einother  nuoiber, 
was  largely  an  arbitrary  choice*  However,  it  was  primarily  determined  by 
the  frequency  of  responses  for  those  Individuals  ^o  collapsed  relatively 


-70- 


early  at  the  higher  altitvdes.  In  other  uords,  the  total  mmber  of 
responses  In  such  cases  was  so  limited  that  a division  into  snaller 
segments  would  be  qtilte  unstable.  On  the  other  hand,  \islng  a lesser 
number  of  phases  would  not  permit  as  adequate  an  evaluation  of  the 
changes  in  activity  occurring  during  any  sin^e  session.  Considering 
all  factors,  the  selection  of  five  phases  seemed  the  best  choice  for 
this  particular  situation* 

The  presentation  of  data  in  Table  10  indicates  the  relatlozw 
ship  between  the  percentage  of  block  responses  and  phase  of  decllns  under 
hypoxia. 

These  data  show  the  tendency  for  the  percentage  of  block 
responses  to  Increase  with  duration  or  phase  of  stress. 

It  may  also  be  noted  that  as  altitude  is  iticreased  the  percent- 
age of  block  responses  tends  to  be  greater  for  any  given  phase.  In 
other  words,  an  Increase  in  the  percentage  of  blocks  appears  at  earlier 
phases  as  one  ascends  in  altitude.  For  instance,  although  the  total 
percentage  of  block  responses  is  slightly  greater  for  17,000  than  for 
13,000  feet,  the  percentage  of  blocks  is  greater  during  Phases  1 and  2 
at  the  higher  altitude. 

Althou^  at  several  points  a particular  phase  does  not  show  a 
greater  percentage  of  block  responses  than  the  preceding  phase,  it  is 
clear  that  the  trend  of  the  data  permits  the  acceptance  of  Hypothesis  IIIi 
There  Is  a significant  increase  in  the  frequaiKSy  of  blocks  with  duration 
of  stress.  Table  11  indicates  the  relationship  of  percentage  of  errors 
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to  phase  of  performance  for  all  altitudes  combined. 


Table  10 

Relationship  of  Blocks  to  Phase  by  Altitude 


Phase 


1 

2 

3 

4 

5 

Sea  Level 

Number  of  responses 

295 

293 

292 

291 

237 

Number  of  blocks 

13 

11 

10 

13 

3 

Percentage  of  blocks 

6,10 

3.75 

3.42 

4.^ 

2.79 

13.000  Feet 

Number  of  responses 

277 

277 

272 

270 

267 

Number  of  blocks 

10 

9 

11 

19 

23 

Percentage  of  blocks 

2.61 

3.21 

4.04 

7.04 

3.61 

16.000  Feet 

Nximber  of  responses 

173 

173 

169 

169 

166 

Number  of  blocks 

7 

8 

12 

21 

30 

Percentage  of  blocks 

4.05 

4.62 

7.10 

12.43 

18.07 

17.000  Feet 

Number  of  responses 

150 

U7 

144 

144 

143 

Number  of  blocks 

9 

10 

21 

20 

23 

Percentage  of  blocks 

6.00 

6.30 

U.53 

13.89 

19.58 

13.000  Feei 

Number  of  responses 

170 

166 

165 

162 

161 

Number  of  blocks 

16 

13 

15 

21 

29 

Percentage  of  blocks 

9.41 

7.33 

9,09 

12.96 

13.01 
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Table  11 

Relationship  of  Errcrs  to  Hiase  of  Performance 
Combined  Sessions 


Phase 

1 

2 

3 

4 

5 

Number  of  responses 

1065 

1056 

1042 

1036 

1024 

Number  of  errors 

5B 

77 

35 

90 

97 

Percentage  of  errors 

5.45 

7*29 

3,16 

3.69 

9*47 

These  data  portray  a gradual  increa^  in  percentage  of  errors 


vith  increasing  duration  under  stress*  It  is  to  be  expected  that  errors 
would  occur  in  block  responses  and  hence  increase  in  a similar  manner 
with  phase  of  stress. 

Stability  under  Stress 

Ue  have  d^&onstratod  that  theze  is  a significant  decrement  in 
the  Conceptual  Reasoiiing  Test  under  hypcocio  stress*  Further,  we  have 
shown  the  block  effect  to  be  present  in  this  task  for  both  degree  and 
duration  of  stress*  We  have  defined  a block  as  a ten^rary  inability 
to  respond  in  some  si>ecified  manner.  Since  we  have  no  absolute  measure 
of  the  ten^Kjral  intezval  occi^led  by  the  block,  its  presence  must  be 
Inferred  from  variation  in  the  performance  of  the  task*  Since  the  sub- 
ject performs  at  a superior  level  of  efficiency  both  before  and  after  the 
response  exceeding  the  criterion  limits,  it  E^pears  justified  to  assume 
that  during  this  period  the  subject  was  tenQ}orarlly  iznable  to  respond* 
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As  mentioned  pi*ovlously,  it  is  felt  that  these  responses  enable  the 
organism  to  maintain  a constant  level  of  pei’formance  under  stress. 

V/e  will  evaluate  this  proposal  by  an  analysis  simultoneoiisly  presenting 
tho  data  including  blocks  and  the  results  when  the  block  req>onses  are 
excluded.  In  this  manner  wi  ill  test  I^ypotliesis  IV:  The  relationship 

betwe^^n  the  d- creme nt  of  performance  and  continuous  hjqjoxic  stress  is 
saltatory. 

In  accordance  witn  our  previous  discussion,  it  is  felt  that  there 
exists  a saltatory  relationship  between  duration  of  stress  and  b^avior 
decrement.  It  is  anticipated  that  this  relationship  wlU  appear  similar 
to  the  following  diagram: 


As  is  apparent  from  the  above,  it  is  assumed  that  we  will  find 
an  initial  decline  in  performance  followed  by  a pezdLod  of  uniform 
behavior  which  continues  until  collapse.  In  order  to  accept  our  hypo- 
thesis, the  following  relationships  will  have  to  be  present: 

1.  If  significant  differences  in  performance  are  present,  they 
wlU  exist  between  Phase  1 and  any  or  all  other  phases. 
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2,  Only  chance  differences  In  performance  will  exist  between 
Phases  2,  3,  4,  and  5.  In  other  vords«  we  will  have 
uniform  behavior  dtirlng  the  final  four  phases  of  per>- 
fonnanee* 

The  data  obtained  from  each  e3q>erimBnt^  session  or  degree  of 
stress  will  be  evaluated  separately*  Hie  following  graphs  present 
simultaneously  the  complete  data  for  all  sessions,  as  well  as  the  data 
with  block  responses  excliided  so  as  to  demonstrate  their  effect  upon 
the  total  performance*  Also  included  ar  e tabular  presentations  of 
the  data  from  which  the  points  of  the  graphs  were  plotted  and  "t"  vaLues 
obtained* 

Figure  6,  which  presents  the  data  collected  during  the  sea 
level  session,  indicates  a constancy  of  performance  throughout  the  e3q)erio 
mental  period*  This  situation  facilitates  analysis  considerably  since 
it  does  not  require  an  elaborate  statistical  treatment  oi  tne  data  to 
the  effects  of  fatigue,  monotony,  and  other  contaminating 
factors*  Elimination  of  the  hLook  responses  does  not  alter  the  trend 
of  the  data  but  merely  decreases  the  mean  time  and  variability  for  each 
session.  The  ”t"  values  shew  no  differenoes  significantly  greater  tton 
chance  between  the  performance  diaring  any  of  the  five  phases  of  this 


session* 
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Fig,  6, — Mean  Time  per  Problem  by  Phase  at  Sea  Level 


Table  12 

Performance  Measures  by  Phase  at  Sea  Level 


Measure 

Complete  data  by  phase 

Data  excluding  blocks  by  phase 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

N 

295 

293 

292 

291 

287 

277 

282 

282 

278 

279 

M 

17.48 

17.05 

17.23 

16.98 

16.84 

16.35 

16.33 

16.74 

16.10 

16.29 

.42 

.36 

.35 

.38 

.35 

.32 

.30 

.32 

.30 

.31 

SD 

7.32 

6.24 

6.05 

6.49 

6.10 

5.36 

4.96 

5.35 

5.02 

5.22 

1 

• • • 

.75 

.45 

.88 

1.12 

• • • 

.05 

.87 

.57 

.13 

2 

”t"  Values 

• • • 

• « • 

.35 

.13 

.40 

• • « 

• • • 

.93 

.55 

.09 

by  Phase  3 

• • • 

• • • 

• • • 

.49 

.78 

♦ • • 

• • • 

. . . 

1.45 

1.00 

4 

.27 

.43 
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Table  13 
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Fig.  7. — Mean  Time  per  Problem  by  Phase  at  13,000  Feat 


Conqslete  data 
Data  excluding  blocks 


Performance  Measures  by  Phase  at  13,000  Feat 


Measure 

Con^lete  data  by  phase 

Data  excluding  blocks  by  phase 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

N 

277 

277 

272 

270 

267 

267 

268 

261 

251 

244 

M 

16.77 

17.64 

17.75 

18.39 

18.37 

16.09 

16.82 

17.05 

16.92 

16.74 

SEm 

.37 

.42 

.37 

.47 

.46 

.31 

.32 

.32 

.33 

.33 

SD 

6.21 

7.00 

6.17 

7.75 

7.55 

5.08 

5.27 

5.12 

5.15 

5.23 

1 

• • • 

1.53 

1.85 

2.70 

2.71 

• • • 

1.62 

2.13 

1.80 

1.41 

2 

• « • 

• • • 

.19 

1.19 

1.18 

.51 

.22 

.17 

"t”  Values 

by  Phase  3 

• • * 

* • • 

. . . 

1.07 

1.05 

. . . 

• • • 

• • • 

.28 

.67 

4 

.03 

.38 
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Fig.  8. — ^Mean  Time  per  Problem  by  Phase  at  16,000  Feat 


Table  14 

Performance  Measures  by  Phase  at  16,000  Feet 


Measure 

Complete  data  by  phase 

Data  excluding  blocks  by  phase 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

N 

173 

173 

169 

169 

166 

166 

165 

157 

143 

136 

M 

17.46 

13.43 

13.49 

19.56 

21.42 

16.52 

17.68 

17.16 

17.62 

13.49 

SEm 

.54 

•44 

.55 

.59 

.67 

.39 

.36 

.41 

.a 

.50 

SD 

7.09 

5.32 

7.09 

7.64 

3.57 

5.05 

4.58 

5.10 

4.95 

5.32 

1 

• • • 

i.a 

1.34 

2.63 

4.60 

• ■ • 

2.19 

1.12 

1.93 

3.13 

2 

"t"  Values 

* • • 

• • • 

.09 

1.55 

3.74 

. . . 

• • • 

.95 

.11 

1.31 

by  Phase  3 

. . . 

. . . 

. . . 

1.32 

3.37 

. . . 

. . . 

. . . 

.79 

2.05 

4 

2.09 

1.34 

12  3 4 5 

Phase 


Fig.  9.— Mean  Time  per  Problem  by  Phase  at  17,000  Feet 
Table  15 


Performance  Measm’es  by  Phase  at  17,000  Feet 


Measure 

Complete  data  by  phase 

Data  excluding  blocks  by  phase 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

N 

150 

U7 

144 

VJ, 

U3 

U1 

137 

123 

124 

115 

H 

17.61 

18.53 

20.65 

20.85 

21.64 

16.09 

17.15 

17.29 

17.51 

17.83 

SEm 

.70 

.60 

.86 

.85 

.85 

.43 

.42 

.46 

.41 

.47 

SD 

8.57 

7.78 

10.28 

10.20 

10.16 

5.10 

4.87 

5.05 

4.54 

5.06 

1 

• • • 

1.00 

2.74 

2.95 

3.66 

• • • 

1.74 

1.90 

2.37 

2.72 

2 

"t"  Values 

. . . 

. . . 

2.02 

2.23 

2.99 

• • • 

.23 

.61 

1.08 

by  Phase  3 

. . . 

. . . 

. . . 

.17 

.82 

. . . 

. . . 

• ■ • 

.35 

.82 

4 

.66 

.52 
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Table  16 

Performance  Heasures  by  Phase  at  18,000  Feet 


Measure 

Complete  data  by  phase 

Data  excluding  blocks  by  phase 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

N 

170 

166 

165 

162 

161 

154 

153 

150 

141 

132 

M 

17.83 

19.48 

20.24 

21.27 

23.00 

16.24 

17.90 

18.46 

18.19 

19.04 

.55 

.64 

.66 

.95 

.95 

.41 

•44 

.46 

•47 

.48 

SD 

7.16 

8.19 

8.53 

12.09 

12.01 

5.08 

5.40 

5.66 

5.61 

5.54 

1 

• • • 

1.96 

2.80 

3.13 

4.70 

• • • 

2.77 

3.58 

3.15 

4»44 

2 

"t”  Values 

. . . 

• • • 

.83 

1.57 

3.09 

• • • 

• • • 

.89 

.45 

1.75 

by  Phase  3 

. . . 

e • « 

. . . 

.89 

2.38 

• • • 

• • • 

• • • 

.a 

.88 

4 

1.29 

1.27 
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Figure  7 portrays  tho  relatioiiship  between  performaose  for 
each  of  the  five  phases  at  a simulated  altitude  of  13»000  feet.  The 
complete  data  show  a difference  in  performance  between  Phase  1 and 
Phases  4 and  5t  z^apeotively,  at  the  .01  Isvel  of  significance.  The 
data  with  blocks  excluded  show  a mean  difference  in  performance  be- 
tween Phase  1 and  Phase  3 which  is  significant  at  the  ,05  level.  Be- 

« 

yond  this  point  proficiency  remains  constant  or  slightly  lB^>roved. 

It  should  be  noted  also  that  the  difference  between  the  performance 
during  Phase  1 and  Phase  5 does  not  exceed  chance  fluctuation.  In 
other  words,  there  are  only  chance  differences  in  the  efficiency  of 

t 

the  subjects  between  the  first  and  final  phases  of  their  performEinoe 
at  13,000  feet  if  the  block  responses  are  excluded.  In  both  grox^>s 
of  data  we  find  an  Initial  decline  in  performaxioe.  In  no  case  is  the 
difference  significant  betiraen  Phase  2 and  any  other  jdiase.  i^parently 
there  is  an  initial  decline  in  performance  which  is  followed  by  a 
period  of  relative  constancy.  By  excluding  the  block  responses,  the 
trend  toward  constant  performance  is  en^ihaslzed.  Considering  the  fact 
that  a simulated  altitude  of  13,000  feet  is  a relatively  mild  stress 
situation,  one  would  not  expect  a severe  decrement  cf  performance. 

Figure  8,  which  presents  the  data  from  the  16,000-foot  session, 
portrays  in  a rather  clear  manner  the  effect  of  eliminating  the  block 
responses.  The  cooq;>lete  data  show  a decline  in  efficiency  of  performance 
with  each  phase;  the  data  with  blocks  excluded  show  an  initial  decline 
and  relatively  constant  perfonaonoe  for  the  remainder  of  the  session. 


In  fact,  the  performance  during  Phase  3 the  latter  data  was  slightly 
better  than  that  of  Phases  2 and  4*  Such  a situation  could  not  exist 
if  the  decline  in  efficiency  were  contii^us  with  duration  under  stress* 
However,  we  ‘do  note  a "t”  value  of  2*05  obtained  ‘from  the  conq}arlson  of 
Phases  3 and  5$  idiich  is  Just  bai'ely  significant  at  the  ,05  level. 

Figure  9 indicates  the  relationship  between  performjsce  and 
duration  of  stress 'at  an  altitude  of  17,000  feet.  The  saltatory  relation- 
ship is  quite  apparent  in  the  block-excluded  data,  Ws  find  an  initial 
decline  followed  by  a slight  but  nonsignificant  decline  in  performance. 
Only  chance  differences  in  perfomance  exist  between  Phases  2,  3>  4* 
and  5,  The  complete  data,  on  the  other  hand,  show  a continuing  increase 
in  mean  time  with  each  phase  of  performance,  ' 

Figure  10,  which  portrays  the  data  collected  during  the  highest 
simulated  altitude,  presents  the  saltatory  nature  of  the  decrement  in 
performance  with  the  greatest  clarity.  The  cos^lete  data  indicate  a 
continuous  loss  of  efficiency  with  each  phase  of  performance  under 
hypoxic  stress,  !Die  blook-excltided  data,  on  the  other  hand,  indicate 
an  initial  drop  in  proficiency  from  Hiase  1 to  Phase  2 with  only  chance 
" fluctuation  in  performance  the reef  ter. 

It  may  be  recalled  (Table  7)  that  all  subjects  did  not  collapse 
in  the  hi^er  stress  sessions.  One  Individual  reioained  conscious  through- 
out the  three  hl^er  altitudes,  Ttie  ;|Ustlficatlon  for  including  these 
individuals  In  the  group  analysis  may  be  questioned  since  thoy  were  not 
at  the  same  stage  of  disintegration  as  those  individuals  who  did  collapse. 
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This  posslbUll^  was  tested  by  eliminating  the  records  of  those 
individuals  from  the  analysis.  This  did  not  result  in  a significant 
change  in  the  data.  It  may  be  assumed  that  altliough  these  subjects 
did  not  beoama  unconscious^  their  performance  efficiency  had  suffered 
to  an  extexxt  comparable  to  those  Individuals  who  did  actually  collapse. 

It  is  apparent  from  the  preceding  analysis  that  the  complete 
data  show  an  increasing  impairment  of  performance  with  persistence  of 
stress.  However,  \dien  those  responses  which  include  blocks  are  omitted 
from  the  analysis  this  progressive  impairment  does  not  appear.  Under 
these  conditions  one  finds  an  initial  drop  in  proficiency  followed  by 
a relatively  constant  level  of  performance. 

The  data  analysis  fulfills  the  prerequisite  relationship  which 
was  postulated  as  character! zlzig  the  saltatory  deeremsnt  of  pei^omaneet 

1.  At  all  altitudes  in  vbich  a decrement  appeared  a significant 
difference  in  performance  existed  between  Phase  1 and  one 

or  more  of  the  following  phases. 

2.  Only  chance  differences  were  shown  to  exist  between  the 
performances  of  the  final  four  phases. 

. It  may  be  recalled  that  we  did  find  a significant  difference 

existing  between  the  mean  performance  during  Phase  3 and  Phase  5 at 
16,000  feet.  The  probability  value  fbr  the  obtained  difference  just 
exceeded  the  .05  level  of  significance,  which  means  that  a difference 
as  large  as  that  obtained  could  occxir  by  chance  five  times  out  of  a 
hundred.  Since  we  performed  a total  of  30  tests  of  significance  in 


•o3*» 


evaluating  performance  in  the  final  four  phases  and  found  only  this  single 
significant  value*  it  does  ziot  seem  J\istiflable  to  reject  our  hypothesis 
on  the  basis  of  this  one  exception  which  may  be  attributed  to  chance 
fluctuation* 

It  may  be  noted  from  the  preceding  data  that  when  the  block 
responses  are  excluded  the  standard  deviations  remain  relatively  constant 
throughout  the  five  phases  of  performance.  The  coxistancy  cf  variability 
when  block  responses  are  omitted  is  also  apparent  from  Flg\ire  11*  which 
presents  the  variability  curves  for  performance  during  the  three  hipest 
altitudes* 

In  our  analysis  we  have  omitted  only  the  extreme  positive 
deviations*  If  we  also  omit  the  resporBes  \hich  are  minus  3*09  from 
the  pre-experimental  norm  and  draw  u variability  curve  for  all  deviations 
from  the  mean,  this  curve  is  almost  Identical  to  the  plot  of  the  block- 
excluded  data  of  Figure  11*  This  may  be  accounted  for  by  the  fact  that 
only  two  of  the  subjects  had  any  responses  minus  3*09  standard  devia- 
tions below  their  mean*  and  these  were  so  few  in  uunher  that  the  form 
of  the  variability  curve  was  not  affected* 

The  fact  that  we  do  find  constant  variability  indicates  that  the 
performance  remains  relatively  uniform  throughout  the  various  phases  of 
stress  vdren  block  responses  are  excluded. 

The  preceding  analysis  provides  suffici^t  evidence  to  permit  the 
acceptance  of  our  fourth  hypothesis*  At  all  altitudes  tested  we  find  that 
when  block  responses  are  omitted  there  is  £in  initial  drc^  in  proficiency 


from  the  level  achieved  diiring  Phase  1«  The  "t"  valiies  of  Phases  2, 

3,  4,  and  5 for  all  altltudos  shew  no  difference  beyond  that  vdiich  one 
might  expect  by  chance*  Thus  it  seems  apparent  that  ue  do  have  a 
saltatory  relationship  between  perfoxmance  and  continuous  hypoxic 
stress;  i.e*»  an  initial  decrement  followed  by  constant  performance 
\uitll  collapse*  Therefore » we  accept  Hypothesis  IVs  The  relationship 
between  the  decrement  of  perfoxmance  and  continuous  bypcacie  stress  is 
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Fig.  11.— Standard  deviations  by  phase,  combined  altitudes 
of  16,000,  17,000  and  13,000  feet. 
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CHAPTER  V 


. DISCUSSION 

In  a research  endeavor  dealing  with  the  measurement  of  behavior 
under  stress  one  is  constantly  faced  with  the  problem  of  individual  dif- 
ference 3 in  susceptibility  to  the  stress,  Inira-individual  variation  in 
susceptibility,  and  adequacy  of  coii5»nsatory  mschanlsms  to  operate  under 
stress.  These  factors  are  quite  pronounced  in  the  present  oxperlBBnt, 
Reference  to  TaW.e  7 indicates  that  one  individual  remaimd  conscious 
throughout  all  experimental  sessions,  several  subjects  collapsed 
relatively  early  in  the  16,000-foot  session,  and  scane  perfozmisd  more 
efficiently  at  13,000  feet  than  at  17,000  feet.  These  Inteivand  intra- 
individual  differences  may  be  better  conprehended  by  a brief  presenta- 
tion of  the  observations  made  of  the  subjects*  behavior  under  stress. 

Observations 

As  has  been  indicated,  all  subjects  were  provided  with  paper  and 
pencil  and  requested  to  record  physiologioal  and  psychological  changes 
noted  during  the  coiurse  of  the  experiment.  Opportunity  was  provided  for 
this  during  the  rest  periods.  No  attempt  will  be  made  to  reproduce  all 
of  the  subjective  conplalnts  of  each  individual  as  this  wcwld  be  quite 
repetitious. 

The  most  frequently  cited  physical  synptoms  were  as  follows) 
dizziness,  motor  tremor,  nausea,  diuHnix)g  of  vision,  tingling  sensations 
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in  the  extramltieSf  eyanoslsy  and  headache.  The  most  frequently 
mentioned  and  observed  psychological  symptoms  were  hyperactivity^  de- 
pression*  suUemiessy  irritability^  euphoria,  and  lassitude. 

The  manner  in  which  the  subject  lost  consciousness  and  the 
extent  of  his  collapse  at  the  time  he  ceased  test  performance  undoubt- 
edly Influenced  the  findings  to  some  extent.  The  following  account  of 
the  general  behavior  pattern  of  the  various  subjects  will  demonstrate 
that  each  had  not  reached  the  same  point  of  disintegration  at  the  time 
of  collapse. 

Subject  This  subject  collapsed  during  each  of  the  three 
hipest  altitudes.  In  each  case  he  became  quite  hyperactive  and  almost 
manic.  The  subject  would  brag  about  how  well  he  was  doing  on  the  task, 
express  to  all  how  good  he  was  feeling,  and  woiild  request  that  the  chamber 
be  taken  up  higher.  His  movements  were  rapid  and  fairly  well  coordinated. 
His  actions  vrould  gradually  increase  in  intensity  until  he  suddenly 
collapsed  conq>letely.  In  the  midst  of  performing  the  task,  his  head 
would  fall  forward,  and  he  had  to  be  supported  so  as  not  to  fall  from 
the  chair.  Ikuring  the  17,000-foot  session,  he  dropped  a percil  to  the 
floor,  and  it  aroUed  away  from  his  desk.  He  got  up  to  retrieve  the  pen- 
cil, walked  several  steps,  stooped  over  and  picked  it  up,  and  returned 
to  his  chair.  Just  as  he  was  seated,  he  collapsed  and  required  oxygen. 
Apparently  the  slight,  extra  exertion  required  to  get  the  pencil  was  suf- 
ficient to  bring  about  unconsciousness.  He  recovered  with  a severe  baad- 
aohe  which  1 isted  approximately  thirty  minutes. 
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SttbJeot  jg*  This  subject  reacted  to  hypocsla  as  If  Intoxi^ 
cated.  The  syiqptoms  were  easily  noted  in  his  motor  coordination  and 
personality  changes*  He  tended  to  become  ei^>horic  and  at  some  times 
rather  vulgar*  He  became  unconscious  on  tvo  occasions^  but  during  the 
17»000-foot  session  his  behavior  became  so  disorganized  that  he  could 
notf  or  uould  not*  continue  with  the  task.  Since  he  was  beginning  to 
interfere  with  the  activities  of  the  other  subjects  he  was  givai  oxyw 
gen*  limnediately  thereafter  he  became  quite  calm  and  proceeded  to  read 
a book  during  the  remainder  of  the  esperlmsntal  period* 

Subject  This  individtial  remained  conscious  throu^out  all 
test  sessions*  lihren  though  his  performance  did  show  a decrement  under 
stress  aM  was  congruent  with  our  general  findings,  he  i^ver  reached  the 
final  end  point  of  collapse*  Physical  syn^toms  of  hypoocia  were  present. 
Ijiere  were  no  pronounced  psychological  changes  in  his  behavior* 

Subject  This  subject  collapsed  in  all  sessions  above  sea 
level*  The  general  pattern  of  his  disintegration  was  quite  similar  in 
all  cases*  During  the  early  period  of  stress  he  had  a tendency  to  be 
irritable*  self-critical*  and  to  work  with  considerable  effort*  Gradually* 
as  stress  continued*  he  became  talkative  and  generally  euphoric*  In  all 
eases  his  collapse  started  with  silly  giggling  and  developed  into  hys- 
terical laughter*  at  wHich  time  the  coygen  mask  was  put  on  him.  In  these 
oases  he  would  struggle  against  the  mask*  and  it  would  require  two  people 
to  get  the  mask  properly  adjusted*  After  a few  seconds  of  oxygen  he 
would  recover  con?)letely.  When  questioned  regarding  his  previous  behavior 


he  could  not  recall  what  it  was  that  brought  about  his  hysterical 
laughter* 

Subject  jg*  This  subject  collapsed  rather  early  during  the 
three  highest  simulated  altitudes*  His  disintegration  was  rather 
unspectacular  in  that  he  ^owed  the  cosamon  overt  signs  of  hypoxia 
(pallor,  motor  tremor,  and  cyanosis)  relatively  early  and  continued  in 
this  state  until  collapse*  He  did  not  become  con?>letely  xmconscious 
but  could  no  longer'  perform* 

Subject  £.  This  wan  become  unconscious  in  sQJ.  sessions  ex- 
cept at  sea  level*  His  pattern  of  disintegration  was  quite  unifcma 
in  all  cases.  Early  in  each  session  ha  showed  the  overt  signs  of 
hypoxia  but  continued  his  perfonoance  in  a fairly  unifom  manner*  Htow- 
ever,  without  warning,  he  would  collapse  completely  and  require  oxygen* 
After  several  seconds  of  oxygen  consuiqption  he  would  regain  cozmciousnesa* 
Later  he  stated  that  he  ejqjerlenoed  no  ayn9)toms  of  ^proaohing  coU^se* 
Subject  2*  This  subject  did  not  suffer  connate  unconscious- 
ness in  any  of  the  sessions*  However,  he  was  no  longer  able  to  continue 
the  task,  and  judging  from  overt  signs  he  wets  quite  close  to  unconsclotis- 
ness  at  the  time  he  put  on  his  oxygen  mask*  He  reported  after  the  17,000- 
foot  session! that  ”the  blocks  ajddenly  began  to  move  arovuad  on  the  board 
themselves,  so  I decided  I'd  better  qxiit*” 

Subject  ]J*.  This  Individual  demonstrated  the  most  consistent 
performance  of  all  subjects*  He  continued  working  at  a rather  steady 
pace  until  just  prior  to  collepse*  There  were  no  outstanding  physical 


or  psychological  8ylI^>tOIas.  He  continued  at  the  task  \mtil  his  head 
fell  forward  and  his  mask  was  put  on  by  the  examinsr. 

Subject  This  subject  fluctviated  in  his  moods  throughout 
the  more  severe  sessions*  Generally  he  was  rather  complacent  in  the 
early  portion  of  the  esi^rimsntal  periods  but  gradually  would  become 
euphoric*  However,  he  was  able  to  control  his  behavior  so  as  to  avoid 
collapse*  Generally  he  continued  in  this  manner  imtil  he  reached  a 
point  of  coiiplete  stupor  durl3ag  which  he  would  just  stare  at  the  blocks 
without  making  a move  to  solve  the  problem*  His  coamnents  after  collapse 
at  17||0(X)  feet  were,  "It  was  takirjg  a lot  of  ccaicentration  to  pick  out 
the  rlgd^t  blocks*  On  several  occz 
felt  very  sullen*" 
lapses  of  conscious 
that  taking  off  and  ^ 

helped  him  to  orient  himself  and  to  i^jcover  tenqjorarily  from  nzs 
He  also  stated  that  he  felt  on  the  verge  of  collapse  j\ist  as  another 
subject  lost  consciousness  in  a rather  violent  mazmer  and  that  this  stlmu« 
lus  was  sufficient  to  "toing  him  around"  for  a few  minutes* 

Subject  ^*  This  individual  collapsed  during  the  17,000-  and 
13,000-foot  sessions.  The  sequence  of  the  behavior  changes  was  the  same 
in  both  sessions*  He  gradually  became  euphoric  and  reacted  to  inoldexits 
in  the  chamber  as  if  he  were  mildly  intoxicated*  This  pattern  would 
continue  xmtll  the  subject  started  to  Ieoi^  heartily  and  could  no  longer 
control  himself*  Attempts  to  get  him  calmed  down  so  as  to  continue  with 
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the  task  were  unsxiccessful  as  the  laiighlng  continued  and  became  tnoz«  In- 
tense. At  this  stage  it  was  necessary  to  give  him  oxygen.  By  the  end 
of  the  I6y 000-foot  session  this  indlvidusLl  was  vezy  close  to  collapse 
but  did  manage  to  "hang  on”  until  this  session  was  conpleted. 

Figure  16  of  the  Appendix  is  a reproduction  of  the  comments 
made  by  one  subject  during  the  17,000-foot  session,  Th»  effect  of  im- 
paired motor  coordination  is  noticeable  in  Ihe  changed  quality  of  hand 
writing.  In  addition,  as  hyjMKia  progressed  one  can  detect  the  loss 
of  Inhibitions  and  a tendency  to  become  rather  childish. 

From  this  discussion  it  is  quite  apparent  that  there  were 
major  inter-  and  intra-individvial  differences  in  the  pattern  of  dis- 
organization, All  individuals  did  not  actually  suffer  the  same  degree 
of  inQ>alrment  at  the  time  of  collapse,  nor  in  all  cases  did  a given 
Individual  reach  the  same  degree  of  impairment  during  each  of  the  high 
altitude  sessions.  The  significance  obtain  in  analyzing  the  ccsabined 
data  occurs  in  spite  of  these  factors.  It  might  be  assxaoed  that  if  it 
had  been  possible  to  control  the  degree  of  impairment  at  collapse  our 
findings  would  have  been  even  more  clearly  defined. 

Significance  of  the  Blocking  Effect 
For  our  ^nuposes,  a block  has  been  operationally  defined  in  terms 
of  the  task  perfomsd  luider  certain  prescribed  conditiois.  The  assertion 
that  some  sort  of  block  in  response  oceurz^d  as  a function  of  hypoxic 
stress  was  inferred  from  the  fact  that  periods  of  low  efficiency  were 
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interspersed  with  periods  of  high  efficiency.  The  present  research 
does  not  permit  us  to  describe  the  physiological  background  responsible 
for  the  presence  of  recurring  periods  of  lowered  efficiency,  Pfowever, 
we  may  speculate  on  the  relationship  between  block  responses  and  the 
maintenance  of  effleieut  perfomance  h7  the  Individual, 

Since  the  level  of  performarice  tends  to  ronain  constant  under 
oontlnuing  stress^  we  might  infer  that  l^ocks  are  some  sort  of  com- 
pensatory mechanism  that  permits  a steady  state  between  the  block  periods. 
This  e]Q>lanation  is  congruent  with  Bills'  hypothesis  that  blocks  are 
automtie  rest  periods.  Considering  the  block  as  a form  of  coiupensatory 

i 

mechanism  is  based  upbn  an  assus^tion  of  energy  depletion  at  a rate 
proportionate  to  the  stress.  As  the  stress  continue an  increase  in 
rest  periods  cu*  blocks  is  required  to  maintain  stable  perfomance, 

A second  escplanation  of  the  blocking  effect  might  be  that  the 
block  is  a sign  of  disorgaidzation  rather  than  a oompensatoiy  mechanism. 
That  is,  the  W.ock  is  not  a period  of  inactivity  which  allows  the  re- 
cuperation of  tissue  but  rather  is  a period  of  heightened  activity  during 
which  the  organization  of  behavior  is  disrupted*  This  explanation  would 
be  congxnient  with  what  we  know  of  emotional  and  speech  blocks*  For 
Instancey  speech  blocking^  luider  certain  conditions^  might  increase  in 
frequency  and  severity  with  increasing  degrees  of  perceived  stress* 

Since  the  blocks  increase  with  degree  of  stress^  one  might  maintain  a 
constant  rate  and  qxiallty  of  speech  between  the  blocks,  Howevori  it  is 
evident  from  observation  that  the  speech  block  is  not  a rest  period  but 
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rather  ia  a period  of  disorganization  and  heightened  actlvilgr.  A more 
appropriate  expianation^  and  one  which  would  also  seem  to  fit  our  ob«* 


servatlons  of  such  cases,  is  that  the  block  is  a sign  of  disorganization 
of  behavior  rather  than  a congjensatory  laschanism. 

This  conception  would  also  seem  to  apply  in  the  case  of  response 
blocks  on  a free  association  test*  As  we  increase  the  frequency  of 
critical  stlrjulus  words  for  an  individual,  the  blocks  are  likely  to  be- 
come more  frequent*  In  this  situation  we  do  not  look  upon  the  blocks, 
or  increased  response  latency,  as  ccsapensatoiy  intervals  but  rather  as 
periods  of  disorganization  of  behavior. 

It  seems  apprcq)riati  to  assume  that  the  greater  the  degree  and 
duration  of  stress,  the  greater  the  probability  that  neural  disorcaniza- 
tion  will  occur,  ISiese  periods  of  disorgeoxization  are  reflected  in  the 
behavior  of  the  individual  toaporary  intervals  of  layered  efriciency* 


The  fact  that  behavior  Ingjroves  after  these  block  periods  does  not  per- 
mit us  to  infer  a cause  and  effect  relationship;  i*8,,  that  the  blocks 

act  as  rest  periods  to  compensate  for  increased  stress.  Rather,  an 

' ¥ 

explanation  more  in  keeping  with  the  observation  that  these  block  periods 
aro  intervals  of  heightened  activity  is  that  blocks  are  merely  overt 
signs  of  neural  disorganization. 

If  Ihe  block  interval  is  considered  as  a peidod  of  intense,  dis- 
organized activity,  we  must  account  for  the  fact  that  this  is  followed 
stable  behavior.  The  data  of  this  research  do  not  permit  a solution 
to  this  problem,  Therofore,  if  the  second  ei^lanation  of  the  blocking 
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phenomena  is  accepted,  the  question  as  to  the  reestablishment  of 
equilibrium  must  remain  unresolved, 

Correspor^ence  of  Physiological  and  Psychological  Measures 

The  contention  of  this  pap>or  is  that  the  relationship  between 
decismsnt  of  performance  and  continuous  hypoxic  stress  is  saltatory. 

It  is  just  such  a relationship  that  one  would  ejqiect  frcaa  our  knowledge 
of  the  physiological  cosipensatozy  mechanisms* 

Figure  12  is  a schematic  diagram  of  an  anoxiaphotometer  record. 
By  way  of  explanation,  the  anoxii^)hotometer  is  an  apparatus  which  pro- 
vides a continuous  measure  of  the  oxygen  saturation  of  arterial  blood, 
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Fig,12*  Schematic  Diagram  of  Anooriaphotometer  Record 
It  is  apparent  from  this  diagram  that  the  relationship  between 
duration  of  stress  and  oxygen  saturation  is  not  continuous  but  stepwise. 
Immediately  after  the  introdviction  of  stress  there  is  a period  of  in.- 
stability.  Ihis  is  followed  by  uniform  and  relatively  constant  satxura- 
tion  vhich  is  maintained  until  jtist  prior  to  collapse,  at  which  time 
there  occurs  a rather  sudden  drop. 


Figure  I4  of  the  i^peudix  is  an  actual  photograph  of  an  anoxLa- 
photonotor  reooi-d  taken  during  exposure  to  17,000  feet  altitude*  This 
record  does  not  continue  until  the  subject  reached  ccxnplete  unconscious- 
ness but  is  sufficient  to  demonstrate  the  saj.tatory  relationship  between 
continuous  hypoxic  stress  and  arterial  oxygen  saturation. 

This  relationship  can  be  explained  in  terms  of  the  principles 
of  homeostasis.  The  physiological  con5)ensatory  mechanisms  allow  the 
organism  to  attain  a balance  witii  environmental  stress.  This  equilibrium 
is  maintained  until  the  limit  of  cos^wnsatlon  is  reached,  at  which  point 
unconsciousness  rather  suddenly  appears  and  the  organism  then  continues 
to  function  on  a visceral  level. 

Our  analysis  of  the  deci'ement  in  performance  excltiding  blocks 
presents  a similar  picture  to  that  found  with  physiolc^icsLl  measures. 

We  find  an  initial  decrement,  followed  by  a period  of  uniform  porformanee 
which  continues  until  collapse.  There  are  numerous  reasons  to  account 
for  the  fact  that  this  similarity  of  physiological  and  psychological  data 
is  not  more  clearly  defined  in  our  svaluati<Hi,  Prebably  the  most  im- 
portant reason  is  the  fact  that  the  end  point  of  performance  ^^as  not  the 
same  for  all  subjects  at  the  same  altitude.  Subjects  were  permitted  to 
put  on  their  oxygen  masks  if  they  felt  they  were  on  the  verge  of  coUepse, 
The  end  point  then  became  dependent  upon  the  individual's  ability  to  judge 
how  near  to  collapse  he  was.  For  this  reason  the  final  phase  in  sons 
cases  may  have  included  only  a few  responses  after  the  period  of  constant 
performance.  In  other  cases,  with  subjects  who  contintied  to  perform  until 
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coB?)leto  collapse,  the  last  phase  of  performance  shotted  a rather  sharp 
drop  in  porforraaiice  efficiency.  The  division  of  performaiMse  into 
numerically  equal  units  also  is  a factor  which  served  to  laask  the 
similarity  botween  the  physiological  record  and  the  measures  of  per- 
formance, This  may  be  seen  in  the  hypothetical  example  given  below. 


Number  of  Responses 


30  30  30  30  30  Total  = 150 


Mean  Time 
in  Seconds 
per  Response 


Althotigh  the  number  of  responses  is  equal/  in  each  of  the  phases, 
the  behavior  change  is  quite  sudden  in  the  midst  of  ttxe  first  and  final 
phases.  It  was  hoped  to  avoid  this  difficulty  by  drawing  performance 
curves  for  each  subject  at  a given  altitude  and  matching  tham  at  the 
points  of  sudden  change  in  performance,  Hwirever,  tliis  was  not  possible 
with  the  present  data.  The  nature  of  the  individxial*s  decline  just 
prior  to  unconsciousness  and  the  fact  that  all  individuals  did  not  con- 
tinue to  a coK5>arable  degree  of  luqialrment  possibly  account  for  this 


situation. 

Our  discussion  concerning  the  patterns  of  disintegration  among 
the  various  Individuals  clearly  indicates  some  of  the  factors  which  would 
tend  to  obscure  the  similarity  between  the  physiological  and  psychological 


measures 


It  has  been  indicated  previously  that  in  many  cases  there  was  veiy  lit- 
tle difference  in  the  subjects*  perfonaance  at  17,000  and  13,000  feet. 

In  fact,  a few  of  the  individuals,  as  has  been  noted,  remained  conscioua 
longer  during  the  13,000-  than  during  the  17,000-foot  sessions.  This 
may  be  accounted  for  in  part  by  intrs^individual  differences  in  the 
con?)ensatory  mechanisms  from  one  session  to  the  next.  Slight  differences 
in  general  physical  well-being  at  the  time  of  the  two  sessions  would 
bring  about  some  diffeirences  in  performance.  Changes  in  attitude  or 
motivation  toward  the  experiment  ragy  ailso  contribute  to  s<m»q  extent. 
However,  the  probable  major  reason  for  the  similarity  of  behavior  during 
these  two  degrees  of  stross  is  the  fact  that  we  may  be  approaching  tiie 
limit  of  the  subjects’  compensatory  cs^iacity*  That  is,  when  a ce3rtain 
critical  degree  of  stress  is  reached,  there  is  no  longer  adequate  com- 
pensation and  this  will  be  reflected  iii  small  or  chance  differences  in 
measures  of  pearfomance. 

Suggestions  for  Future  Eesearch 

As  stated  in  the  first  chapter  of  this  ps^r  there  have  been 
few  research  investigations  concerned  with  the  study  of  the  decrement  of 
the  higher  thought  processes  under  continuous  hyp<»cic  stz^ess.  Con- 
sequently, there  are  many  problems  in  this  area  worthy  of  scientific 
inquiry. 

Specifically  related  to  the  present  study  is  the  problem  as  to 
a more  definitive  analysis  of  the  behavior  during  the  atypical  response 


periods*  The  nature  of  the  niBasuring  instruiaent  used  in  this  imrestiga- 
tion  did  not  permit  such  an  evaluation*  The  utilization  of  a task  which 
would  allow  a determination  of  the  amplitude  of  the  individual  block 
periods  would  seem  to  be  a worth\dxilo  research  endeavor*  Perhaps  a conh- 
plex  discrinination  task  in  wliich  the  responses  consume  only  a very 
short  temporal  interval  would  be  appropriate.  With  such  a task,  the 
block  respcnases  could  be  rx>re  easily  detected  and,  unlike  the  present 
study,  would  not  be  imbedded  in  a conplex  series  of  responses  covering 
an  extended  period  of  tine* 

' Not  only  does  the  present  investigation  suggest  further  reseaafch 
utilizing  different  tasks  but,  in  aidition,  arouses  speculation  as  to 
the  applicability  of  these  results  to  other  types  of  stress  situations* 

It  would  seem  a profitable  research  effort  to  determine  whetlaer  or  not 
the  blocking  effect  and  tbs  saltatory  decline  of  perfonaanoe  are  also 
present  under  conditions  of  fatigue,  alcoholic  intoxication,  extreme 
toi^crature  ranges,  and  in  those  situations  in  i/hich  tlw  individual  is 
tmdor  the  influence  of  various  drugs  and  sedatives. 

Should  a similarity  be  demonstrated  between  the  behavior  pattern 
resulting  from  hypoxia  and  other  types  of  physiological  stress,  the  next 
logical  question  would  be  the  correspondence  between  these  behavior 
modifications  and  those  resulting  from  psychological  stress*  The  literature 
dealing  with  pathological  behavior  resulting  from  functional  disorders 
is  replete  with  examples  which  might  be  considered  blocks  in  the  stream 
of  behavior*  The  alternating  periods  of  disorientation  and  lucidity 
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noted  in  many  psychoses  suggests  a similarity  with  the  behavior  noted 
under  severe  hypoxic  stress.  Although  this  may  be  only  a surface 
similarity,  it  does  suggest  the  value  of  further  inquiry  into  the  coxv 
relation  between  the  disorganization  of  beiiavior  under  both  physiological 
and  psychological  stress* 

A more  general  consideration  of  this  rosoaroh  leads  to  tl© 
question  of  the  relationship  beti/een  the  disorganization  of  behavior 
under , hypoxic  stress  and  the  organization  of  behavior  involved  in 
learning  a conplex  task.  !Hje  prerent  study  demonstrated  the  blocking 
phencHuena  and  the  saltatory  relationship  present  in  the  disorganization 
of  a learned  response  under  hypoxic  stress.  One  ml^t  ask,  is  the 
organization  of  behavior  required  in  learning  a coir^^lex  task  characterized 
by  the  blocking  effect?  In  the  process  of  mastering  a skill,  is  there  an 
Initial  period  of  rapid  acquisition  foUoi#ed  by  stable  periods  of  no 
iTtprovement?  VEthin  this  framework,  reminiscence  might  be  accounted  for 
the  absence  of  block  responses  following  a ncipraetice  interval.  The 
plateau  phenomena,  found  in  many  learning  situations,  might  correspond 
to  the  saltatory  relationship  demonstrated  in  the  present  study.  It  is 
recognized  that  these  are  merely  conjectured  relationships,  but  it  does 
seem  of  value  to  consider  as  research  posslbiliUes  the  corrsspondox«e 
between  the  organization  and  the  disorganization  of  behavior. 


CHAPTER  VI 


SUMMiiRY  AND  CONCLUSIONS 

IMs  rj search  was  undertaken  to  evaluate  several  hypotheses 
regaxding  the  deoreioent  of  perfonnance  under  varying  degrees  and  dtira** 
tions  a£  hypoxia. 

The  results  of  'Uie  investogatlon  allowed  us  to  accept  these 
hypotheses  and  to  drav;  tlie  following  concliisions: 

1,  As  measured  by  the  task  utilized  in  this  investigation, 
there  is  a significant  decrement  in  conceptual  reasoning, 
and  this  deoi'eim^nt  increases  with  degree  of  stress*  A 
significant  loss  of  efficiency  was  dmonstrated  at  a siimip> 
lated  altitude  of  13,000  feet,  the  lowest  degree  of  stress 
to  which  the  subjects  were  exposed*  This  loss  was 
evidenced  by  an  increase  in  mean  time  and  variability  of 
response, 

2*  It  w-jn  shown  that  under  hypoxic  stress  responses  occur 

which  consume  a much  longer  temporal  interval  than  those  im- 
mediately precedli^  or  following  the  delayed  response* 

This  behavior  was  considered  to  be  indicative  of  tise  blocking 
effect.  All  responses  exceeding  plus  3.09  standard  deviaf 
tions  from  the  subject's  kb  an  performance  during  the  final 
practice  series  wexo  designated  block  responses*  It  was 
established  that  blocks  tend  to  increase  in  freqiiency  with 


.99. 


-100- 


dsgree  and  duration  of  stress. 

3,  If  efficiency  of  performance  is  evaluated  in  terms  of  mean 
time  and  variability  of  response,  we  find  an  increase  in 
both  as  a function  of  continuing  stress.  If,  however,  the 
block  responses  are  omitted  from  the  evaluation,  we  find  a 
' saltatory  relation  existing  between  efficiency  of  perform- 

ance and  continuing  stress*  That  is,  there  is  an  initial 
decline  after  which  a constant  level  of  performance  is 
maintained  until  collapse* 

Throughout  the  previous  discussion  we  have  emphasized  efficiency 
and  uniformity  of  behavior  when  certain  responses  are  abstracted  from 
the  data*  Prom  a strictly  statistical  point  of  view  this  uniformity  may 
not  be  particularly  unusxal.  However,  from  a behavioral  point  of  view 
this  finding  seems  to  be  of  major  Is^xjrt.  As  an  example,  Figure  13 
shows  the  percentage  of  total  tins  dtirii^  which  the  group  functioned  at 
a level  comparable  to  their  performance  at  sea  level* 

It  may  be  seen  from  this  graph  that  the  criterion  for  normal 
functioning  was  established  at  the  mean  plus  1*96  standard  deviations* 
This  limit  is  much  less  than  the  block  criterion  of  plus  3*09  standard 
deviations.  In  addition,  these  liralte  were  established  on  the  basis 
of  the  individual's  performance  durii^  tiie  last  40  practice  trials  tdien 
he  was  comfortably  seated  at  a desk  and  not  in  the  decompreseion  cham- 
ber, For  this  reason,  and  also  the  rigid  criterion  used  in  this  case, 
we  find  a number  of  block  responses  during  the  sea  level  experirental 
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session.  Itov'ever,  it  is  quit©  apparent  from  the  graph  that  even  dtirii^ 
the  final  phase  of  the  most  severe  degree  of  stress  the  subject  func- 
tions within  normal  limits  approodBLately  30  per  cent  of  the  time.  In 
other  words,  under  severe  hypoocic  stress,  even  just  prior  to  collapse, 
the  individual  has  lucid  periods  during  which  his  efficiency  is  approxi- 
mately equal  to  that  of  \jhich  he  is  capable  at  sea  level. 

This  investigation  has  indicated  that  efficiency  of  perforraance 
does  not  gradually  decrease  as  a flashllj^t  might  bum  out  as  the  avail- 
able eneirgy  is  depleted.  Instead,  ye  have  pcariLods  of  appamnt  stoppage 
followed  by  coi«tancy  of  performance  and  again  failure  of  response.  These 
periods  of  inactiviV  Interspersed  with  lucid  intervals  become  more 
frequent  until  final  collapse,  when  continual  response  failure  occurs 
without  intervening  periods  of  lucidity, 

A compensatory  fimction  may  be  ascribed  to  the  presence  of 
response  blocks  or  they  may  be  considered  merely  as  tesiporary  lapses  of 
behavior  organization.  The  generality  of  this  phenomena  is  open  to 
experimentation  using  varied  tasks  and  other  types  of  stress  situations. 
Such  research  may  demonstrate  that  the  behavior  of  tee  human  organism 
under  stress  does  not  deteriorate  in  a continuous  fasMon  but  rather  in 
a saltatory  manner  from  highor  to  lor^er  levels  of  organization. 
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Fig.  13, — Percentage  of  Time  Responses  Exceed  M + 1,96  SD 
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Fig,  15.— Subjects  in  Sxperiiamtal  Situation 
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Fig.  16. — Comments  made  by  subject  during  expos\ire  to  17,000  feet  simulated  altitude. 
Loss  of  inhibition  and  impairment  of  motor  coordination  nay  be  noted  prior  to  the  fourth  com- 
ment at  which  point  oxygen  was  administered. 
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Fig.  17“  Conceptual  Reasoning  Test 


Subject  Session  

Itodol  Tim©  Error 


1*  Large  Squara 

2*  Rotund  Letter 

3.  Large  Solid 

4*  L:jrge  ljumber 

5*  Tall  Large 

6*  Solid  Letter 

?•  Short  Round 

S*  Hollow  Letter 

9*  Short  Small 

10*  i^tumber  Solid 

11*  Tall  Hollow 

12*  Short  Solid 

13*  Large  Round 

14*  Small  Letter 

15*  Tall  Square 

16*  Square  Letter 

17.  Small  Round 

18*  Number  Small 

19*  Large  Hollow 

20*  Number  i^rt 

Fig*  13*--fiecording  Sheet  for  Conceptual  Reasoning  Test 


BIBLIOQRAPHY 


1.  Armstrong,  H.  G.  Bractloe  ^ aviation  medicine. 

Baltlioozos  Williams  and  Wilkins,  3rd  ed«,  1952, 

2.  Bagbgr,  £•  The  psychological  effects  of  oxygen  deprivation.  _ 

i,  COTBJ.  Psy^ol..  1921,  2a  97-113. 

3.  Barcroft,  J,  ^ respiratory  function  ^ blood.  PJ.  i. 

lessons  from  high  altitudes.  Cambrldga:  Cambridge  Univ, 
Press,  1925. 

4*  Barcroft,  J.  La  flxite  du  milieu  interieur  est  la  condition  de 
la  vie  llbre.  (Claude  Bernard),  Biol,  fiev..  1932,  7,  1, 
24-87. 

5*  Baarcroft,  J.,  gt  Observations  upon  the  effects  of  high 
altitudes  on  the  physiological  processes  of  tiie  human 
body  carried  out  in  the  Peruvian  Andes,  chiefly  at  Cerro 
de  Pasco.  Philos.  Trans..  Bsy.  Lond..  1923,  211. 

§SL>  & 339,  351-430. 

6,  Bartley,  S.  H,,  & Chute,  Elolse,  Fatigue  and  man. 

New  York:  McGraw-Hill,  1947, 

7.  Bert,  P.  pression  barOTastrlaue.  Recherches  ^ physiologie 

experlmentale.  Paris*  Masson,  1378. 

8,  Bills,  A.  G.  Blocking,  a new  principle  of  mental  fatigue.  Amar. 

i.  Pjychpl.,  1931,  42,  2,  30-245. 

9.  Bills,  A,  G.  Fatigue,  oscillation  and  blocks.  J.  exp.  Psychol.. 

1935,  562-573. 

10,  Bills,  A.  Q.  Causal  factors  in  mental  blocking.  J.  exp.  Psvchol.. 

1935,  13,  170-135. 

11,  Bills,  A.  Q.  Blocking  in  mental  fatigue  azid  euooxemla  compared,  ^ 

i*  Psychol..  1937,  ^ 437-452. 

12,  Blrley,  J.  L.  Report  on  the  medical  aspects  of  high  flying.  The 

medical  probLema  of  flying.  Brit.  Privy  Counc..  Med.  Res. 
Cotirc..  Spec.  Bept.  Ser..  1920,  53,  5-9. 


—108— 


■•109“ 


13*  Birlfty,  J,  L«  The  principles  of  medical  science  as  applied  to 
military  a:7iation,  I,  II,  Lancet.  1920,  1,  5043/5049, 
1147-1151,  1205^1212. 

14,  Dockeray,  J,,  Dunlap,  K,,  & Johnson,  M,  Service  Medical 

?4an^.  jP^,  g,  2*  Washington}  Government  Printing 
Office,  1919,  293-330. 

15.  Douglas,  C.  G,  A method  for  determining  the  total  respiratory 

exchange  in  jcan.  g.  Physiol..  1911,  ^ 17. 

16,  Dreyer,  G,  Induced  anoxia.  Brit.  Privy  Counc..  tfed.  Res.  Counc.. 

Spec.  Bept.  Ser..  1920,  53»  10. 

17.  Dunlap,  K.  Medical  studies  in  aviation.  IV.  Psydaological 

observations  and  methods,  g,  Amer.  Med.  Ass..  1913,  2i» 


13.  Dunlap,  K.  Psyeholc^ical  research  in  aviation.  Science.  1919, 

42,  94-97. 

19.  Flack,  M,  A method  for  producing  anoxia.  Brit.  Privy  Counc.. 

1^.  Gguno..  ^gc.  Rent.  Ser..  1920,  53,  14* 

20.  Gellhom,  Ernst,  Autonomic  regulations.  Bev  Yaxkt  Interscience 

PulAishers,  1943* 

21.  Gellhom,  Ernst,  & Joslyn,A.  The  influence  of  03^gen  want, 

hyperpnea,  and  carbon  dioxide  excess  on  psychic  processes.  ~ 

£.  Psychol..  1937,  3,  161-168. 

22.  Glaishsr,  J,  Travels  MS*  London}  Bentley,  1371. 

23.  Goldstein,  K.  The  significance  of  special  mental  tests  for 

dlagxK>sis  and  progix>sis  in  schlrophrenla.  Amer.  Psychiat..  ^ 
1939,  2^  575-537. 

24.  Goldstein,  K.,  & Seheerer,  M,  Abstract  and  concrete  behavior, 

Psychol.  l-k>nogr..  1941,  53.  239. 

25.  Haldane,  J.  S.  Respiration.  New  Havem  Tale  Unlv.  Press,  1922. 

26.  Haldane,  J.  S,  Aocllmatiaatlon  to  high  altitudes.  Brit.  Ited..J.. 

1924,  g,  835-890. 

27.  Hanfiaan,  Eugenia,  & Kasanin,  Jacob.  A method  for  the  study  of 

concept  formation,  Psychol..  1937,  g,  521-540. 


-no- 


23a  Heady  H#  The  sense  of  staMlity  mid  balance  in  the  air#  The 
medical  problems  of  flying,  arjt.  Privy  Couac..  Med.  Res. 
Counc.a  Spbo.  Rent.  Ser..  1920,  53»  214-2561 

29a  Heidbreder,  £.  A study  of  the  evolution  of  concepts#  Ps.vchol. 
Sa31*f  1934,  ^ 67>716. 

30.  Henderson,  L.  J.  Blood.  A study  in  general  physiology.  New 

Ilaven:  Yale  Univ.  Press,  1923. 

31.  Ifenderson,  7.  & Pierce,  H.  F.  Rebreathing  apparatus.  Air 

Sexrvice  Itedical  I4apual.  Washington:  Gk>vemment  Printing 
Office,  1919,  344. 


32.  Kingston,  R,  W.  G.  Physiological  difficulties  in  the  ascent  of 
Mount  Everest.  Geograph.  £.,  1925,  ^ 1,  4-23. 


33.  Hoyt,  Cyril  J.  Test  reliability  estimated  by  analysis  of  variance. 

Psychometrika.  1941,  ^ 3,  153-160. 

34.  Hoyt,  Cyril  J.,  & Stunkard,  Clayton  I».  Estimation  of  test  relia- 

bility for  unrestricted  item  scoring  methods.  Educ.  psycfaol. 
Lleasmt. . 1952,  ig,  4,  574-587. 


35.  Johnson,  K.  H«,  & Paschal,  F.  C.  Psychological  effects  of  depri- 

vation of  oxygen.  Psychobiology.  1920,  g,  3,  193-236. 

36.  Kelly,  T.  R.  Fundamentals  of  statistics.  Cambridge:  Harvaini 

Univ.  Press,  1947. 

37.  Kralnes,  S.  H.  The  correlation  of  oxygen  deprivation  with  intelli- 

gence, constitution  and  blood  pressure.  Amer.  J.  Psychiat. . 
1937,  2^  1435-1446. 

38.  Ldvia,  £«  R.  Medical  studies  in  aviation.  VI.  Influence  of 

altitude  on  the  hearing  and  the  motion-sensing  £^pparatu8  of 
the  ear.  1.  ^mg£.  1918,  17,  1398-1399. 

39.  Lewis,  E.  R.  The  ear  and  aviation.  Arch.  Neinrol.  & Psychiat. . 

1919. 

40.  Lowson,  J.  P.  The  effects  of  deprivation  of  oxygen  on  mental  _ 

processes.  Brit.  I,  Psychol..  1923,  ii,  4,  417-434. 

41.  McComas,  H.  C.  The  aviator,  ph.  Oxygen  and  deficiency.  New 

York:  Ditton,  1922. 


-iru 


42*  McComaSy  H«  C.  Contarolling  the  airplane  at  twenty  thotisand  feet. 
Sclent.  ass«»  1931,  3^  36-46. 

43.  McFarland,  Ross  A.  The  psychological  effects  of  oxygen  depriva- 
tion (anoxemia)  on  human  behavior.  Arch.  1932, 

22,  145,  1-135. 

44*  McFarland,  Ross  A.  Psycho-physiological  studies  at  high  alti- 
tude in  the  Andes.  I.  The  effects  of  rapid  ascents  by 
aeroplane  and  train.  ccxan.  Pavchol..  1937,  22»  191-225. 

45.  McFarland,  Rosa  A.  Psycho-physiological  studies  at  high  alti- 

tvtde  in  the  Allies.  II.  Sensoxy  and  motor  responses  during 
acclimatisation.  j[.  comn.  Pavchol..  1937,  117-153. 

46.  McFarland,  Ross  A.  P^cho-physiologioal  studies  at  high  alti- 

tude in  ths  Andes.  IH.  Mental  and  psycho-somatic  responses 
during  gradual  ad^tation.  g,  coma.  Psvcfaol..  1937,  24, 

147-183, 

47.  McFarland,  Ross  A.  Anoxia:  its  effects  cm  the  physiology  and 

biochemistry  of  the  brain  and  on  behavior.  In  The  biology 
S£.  rontal  health  and  disease.  New  Yca*k:  Paul  B.  Hoeber, 

1952,  335-355. 

43.  McFarland,  Ross  A.,  & Baracli,  A.  L.  The  response  of  psycho- 
neurotics to  variations  in  oxygen  tension.  Amer.  Psychol.. 
1937,  1315-1328. 

49.  McNemar,  Quinn.  Psychological  Statistics.  New  York:  John  Wiley 

& Sons,  1949* 

50.  I4osler,  Charles  I.  A critical  examination  of  the  concepts  of 

face  validity,  Sduc.  psycho  1.  Ifeasmt. . 1947,  2f  2,  191-207, 

51.  Peters,  J,  P.,  & Van  Slyke,  D,  D,  Quantitative  cliidcal  chemistry. 

Qh.  12.  Hemoglobin  and  oxygon.  Baltimore:  Williams  & Wil-  - 

kins,  1932. 

52.  Russell,  R,  W.  The  effects  of  mild  anoxia  on  sin^e  paychomotor  ^ 

and  mental  skills.  exp.  Psychol..  1943,  17^187, 

53*  Schroeder,  R.  W,  Hou  I made  the  altitude  record  of  23,900  feet. 
Flying.  1913,  2>  10,  906-907. 

54*  Tanaka,  K.  lhq)erimental  study  on  the  effects  of  low  baromstrlc 
pressures  and  oxygen  deprivation  upon  the  efficiency  of 


-112- 


mental  and  physical  work,  Aero.  Res.  Inst..  Tokyo 

Imperial  Unlv.,  1923,  2f  123-230, 

55,  Van  Llere,  Sdward  J,  Anoxia?  Its  effect  on  the  body.  Chicago? 

Udv,  of  Chicago  Press,  1942, 

56,  Vigotsky,  L,  S,  Thought  In  schlssophrenla,  Trans,  Jacob  Kasauiln, 

A£c^,  mwrol,  & Psychlat..  1934,  21$  1063-1077, 

57,  Wllmer,  W,  H,,  & Berens,'  C,  I'iedlcal  s'teidles  In  aviation,  V, 

Tte  effect  of  altitude  on  ocular  functions,  £,  Amer.  Med; 
iiaa.,  1913,  a#  17»  1394-1393, 

53,  Q,  S,  War  Dept,  Anoxic  effects  upon  visual  ihixstlons,  Air 

Service  Medloal  Manual.  Ifeahlngton?  Government  Printing 
Office,  1913,  1-38, 


BIOGRAi’HICAL  imS 

Clinton  li*  Maag  was  born  Novambar  22»  19JS),  in  Cleveland, 

CMo,  He  enrolled  in  Ohio  State  University  during  1939  and  remained 
there  until  he  entered  the  Armed  Service  in  1942*  The  author  sei*ved 
with  the  U.  S»  /omy  Adr  Force  until  Novmber,  1946*  After  discharge 
from  the  service  lie  returned  to  Ohio  State  University  and  obtaimd 
his  Bacholor  of  i^rts  degree  in  1947.  The  Master  of  Arts  degree  was 
conferred  ly  the  same  uniirersity  in  June  of  194^.  After  serving  a 
psychological  internship  the  author  entered  the  University  of  Florida, 
where  he  pursued  his  graduate  studies  until  August,  1951.  At  this  time 
he  accepted  a position  as  Easearch  Psychologist  with  the  U.  S.  Naval 
School  of  Aviation  Medicine,  NAS,  Pensacola,  Florida,  where  he  remains 
at  present.  The  author  is  an  Associate  of  both  the  Florida  Psycho- 
logical Association  and  the  iimerican  Psyciiolxigical  Association, 


This  dissertation  was  prepared  iinder  the  direction  of  the 


chAjrmAn  of  the  candidateb  stQwrvisory  conxaittee  and  has  been  approTsd 
by  aT>  membeirs  of  the  coimittee.  It  \ma  submitted  to  the  Dean  of  the 
College  of  Arts  and  Sciences  and  to  the  Graduate  Council  and  vas 
approved  as  partial  fulfillment  of  the  requirements  for  the  degree  of 
Doctor  of  Phllosof^. 

Jtnae  7,  1954 


Dean,  College  of  Arts  and  Sciences 


Dean,  Graduate  School 


SUPERVISORY  COMMITTEE* 


Chairman 


